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APPENDIX B
REGULATORY WORKS
LAKE ERIE REGULATION STUDY
REPORT
TO THE
INTERNATIONAL JOINT COMMISSION
BY THE
INTERNATIONAL LAKE ERIE REGULATION
STUDY BOARD
(UNDER THE REFERENCE OF 21 FEBRUARY 1977)
JULY 1981
 SYNOPSIS
The Regulatory Works Appendix describes the engineering works that would be
necessary to accomplish limited regulation of Lake Erie. It also describes
the remedial works that would be required in the St. Lawrence River to accom-
Inodate combined regulation plans for Lakes Erie and Ontario. Plans for
limited regulation of Lake Erie are described in the International Lake Erie
Regulation Study Board's main report and Appendix A - Lake Regulation.
Limited regulation of Lake Erie would require dredging of its outlet river so
that greater flows could be released at times when high supplies to the upper
Great Lakes occur, and a control structure capable of restoring the prepro-
ject outflow condition when supplies are below average. This appendix
describes the existing facilities in the outlet of the Lake Erie, and
discusses the problems encounted in providing such structures. It also
outlines several Niagara regulatory works alternatives, describes the design
criteria, and the methods used in preparing preliminary designs and cost
estimates.
The various regulation plans developed for Lake Erie require various
increases in outlet capacity. In order to implement these regulation plans,
the Board examined seven different Niagara alternative structures. These
structures would have capacities ranging from 4,000 cubic feet per second,
such as the case of the modified Black Rock Navigation Lock, to about 30,000
cfs, such as the case of the partial Niagara River structure.
From a series of Lake Erie regulation plans, the Board selected three for
Inore detailed evaluation. These are Plans 6L, 155, and 25N. Plan 6L would
require the use of the Black Rock Navigation Lock modified to permit year-
round operation. The average annual costs and their cost in equivalent pre-
sent worth, are $1.2 million and $13.8 million, respectively. Plan 155 would
require the construction of a Squaw Island diversion channel. The average
annual costs and their cost in equivalent present worth, are $2.0 million and
$22.5 million, respectively. Plans 25N would require channel enlargement in
the Niagara River, and construction of a structure extending part way from
the shore into the Niagara River. The average annual costs and their cost in
equivalent present worth, are $11.6 million and $134.3 million. All cost
figures are at July 1979 price level.
Limited regulation of Lake Erie would change the sequence and magnitude of
supplies to Lake Ontario. Noting that the St. Lawrence Seaway and Power
Project could not cope with the record high water supplies to Lake Ontario in
the early 1970‘s, the Board estimated the locations and extents of channel
enlargements that would be required in the St. Lawrence River. Such channel
enlargements would provide the additional capacities so that, when tested
over the study period 1900—1976, the resulting levels and outflows of Lake
Ontario would satisfy the International Joint Comission's Orders of Approval
for the regulation of Lake Ontario.
To provide the capacities solely to accommodate the high supplies of the
early 1970's, channel enlargements in the International and Canadian Reaches
of the St. Lawrence River would be required. The average annual costs and
L
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—
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_
_
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 their cost in equivalent present worth, are $6.9 million and $80.1 million,
respectively. No additional channel enlargement would be required for Plan
6L. To accommodate Plan 155, the average annual costs of the channel
enlargement in the St. Lawrence River, and their cost in present worth, are
$8.3 million and $96.7 million, respectively. To accommodate Plan 25N, the
average annual costs of the channel enlargement in the St. Lawrence River and
their cost in present worth, are $7.4 million and $85.6 million,
respectively.
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 Section 1
INTRODUCTION
1.1 Oeneral
As a result of a recommendation in the International Joint Comnission's
1970 Report to the Governments of Canada and the United States, entitled
"Further Regulation of the Great Lakes,“ the Governments issued on
February 21, 1977 a reference to the International Joint Conmission (IJC).
Pursuant to this reference, the Commission established the International
Lake Erie Regulation Study Board. The Connﬂssion directed the Board to
undertake a study to determine possibilities for lowering extremely high
water levels by limited regulation of Lake Erie, taking into account the
applicable Orders of Approval of the Conmission and the recommendations of
the Canada-Quebec study of flow regulation in the Montreal region. As part
of the study, theBoard examined a broad Spectrum of regulation-related
economic, social, and environmental effects of limited regulation throughout
the Great Lakes Basin, including the International and Canadian Reaches of
the St. Lawrence River. Any modification to the outflows of Lake Erie would
affect a portion of the supply of water to Lake Ontario and, to some extent,
affect the levels and outflows of the upper Great Lakes. In this regard, the
Board evaluated three regulation categories for study purposes. Categories 1
and 2 consider Lake Erie regulation constrained by the present Orders of
Approval and channel limitations of the St. Lawrence River. Category 3 con-
siders channel modifications and/or remedial measures in the St. Lawrence
River to accommodate regulation of Lakes Lrie and Ontario. A more detailed
description of the three regulation categories is presented in Appendix A,
Lake Regulation. The Comnission further directed that if the Board finds
that new or altered regulatory works or other measures would be practical, it
should estimate their costs, and the effects, whether beneficial or adverse,
on the various interests. Moreover, the cost and effects of remedial works
needed to compensate for any adverse effects resulting from such regulatory
works should also be examined. In this regard, the Board studied the reme-
dial works that would be necessary in the St. Lawrence River to acconmodate
increased flows resulting from limited regulation of Lake Erie under
Category 3. -
Limited regulation of Lake Erie requires up to three basic engineering
alterations: first, channel enlargements are required to increase the
discharge capacity of the Niagara River outlet so that, when necessary, more
water could be released than under unregulated conditions; second, a control
structure is needed to deCrease the outflow to restore preproject conditions
during periods of low and average lake levels; and, third, channel enlarge-
ments are necessary to increase the discharge capacity of the St. Lawrence
River so as to ﬂeet the requirements for the regulation of Lake Ontario.
channel enlargements, new structures, and appurtenant works considered
necessary to accomplish limited regulation of Lake Erie are the subject of
this Appendix.
The
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would be required to implement the selected regulations plans. The terms of
reference of the subcommittee are reproduced as Annex B. The subcommittee
was comprised of personnel from the U. S. Army Corps of Engineers, Power
Authority of State of New York, New York State Department of Environmental
Conservation, St. Lawrence Seaway Development Corporation, Canadian
Department of Environment, Canadian Department of Public Works and Ontario
Hydro. The members of this subcommittee are listed in Annex C.
1.5 Prior Studies
The most significant relevant prior studies were conducted by the
International Great Lakes Levels Board and the U. S. Army Corps of Engineers.
The findings of the Levels Board were published in a report dated December
1973, entitled “Regulation of Great Lakes Water Levels, Report to the
International Joint Comnission.“ Appendix G of that report describes the
engineering works that would be necessary to accomplish further regulation of
the levels and flows of the Great Lakes. In particular, Section 4 of
Appendix G describes two alternatives for Niagara River control structures
and channel enlargement to either increase or decrease the levels and flows
of Lake Erie. Section 4 also provides a preliminary appraisal of a plan for
increasing Lake Erie outflow via the Black Rock Canal and a diversion
channel/control structure to be located on Squaw Island. The findings of the
Corps of Engineers were published in a report dated September 1974, entitled
"Report on Superior-Erie—Ontario Regulation Plan, SED-l7P.“ The letter
report focused on plans for the limited regulation of Lake Erie and was an
extension of the Squaw Island diversion channel study documented in the 1973
Levels Board Report discussed above. For the present study, a wide range of
alternative plans were developed and optimized utilizing different types and
locations of structures.
The subcommittee has also, wherever appropriate, referred to and drawn
upon information given in reports of other IJC studies and the results of
various independent studies.
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Section 2
NIAGARA RIVER SYSTEM
2.1 Preface
An array of structural alternatives in the Niagara River was chosen to
accommodate a wide range of flows permitting limited regulation of Lake
Erie associated with the three regulation categories selected for study
purposes and discussed in Section 1.1. Preliminary engineering designs and
cost estimates for regulatory works in the Niagara River were prepared to:
(1) facilitate site selection; (2) provide a range of discharge capacity
versus cost curves to be used as input during the formulation of regulation
plans; and (3) form a basis for the evaluation of the selected regulation
plans presented in Appendix A, Lake Regulation.‘ The following is a detailed
summary of the studies completed and preliminary results.
2.2 Description of the Project Area
The Niagara River, about 35 miles in length, links Lake Erie at Buffalo,
New York, and Lake Ontario at Niagara-on-the-Lake, Ontario. The average
fall over its course is 325 feet, about half of which is concentrated at
Niagara Falls, located approximately 22 miles below the head of the river.
Over the period 1900-1976, the monthly mean Niagara River discharge has
varied from 265,000 cfs to 116,000 cfs and has averaged about 200,000 cfs.
A portion of the Lake Erie outflow is also diverted through the Welland
Canal.
2.2.1 General
An outstanding physical characteristic of the Niagara River is the
rapid change in the water surface profile between various points on the river
system. The Niagara River may be considered to consist of three major
reaches: the Upper Niagara River; the Niagara Cascades and Falls; and, the
Lower Niagara River which extends from the foot of the Falls at the
Maid-of-the Mist Pool to Lake Ontario. A location map of the Niagara River
and surrounding area is shown on Figure 8-1.
The Upper Niagara River, which extends from Lake Erie below Buffalo
Harbor to the Cascades and Niagara Falls, is of primary interest since regu-
latory works must be located in the upper portion of this reach to fulfill
the study objectives. An aerial photograph of the reach, extending from the
Peace Bridge to the downstream extremity of Squaw Island is shown on Figure
8‘2-
From Lake Erie to Strawberry Island, a distance of approximately
5 miles, the channel width varies from 9,000 feet at its funnel-shaped
entrance to 1,500 feet at Squaw Island below the Peace Bridge. The fall over
this upper 5—mile portion is 6.1 feet. In the upper 2 miles of the river,‘
the maximum depth is approximately 20 feet with velocities as high as 12 fps
in the vicinity of the Peace Bridge. This part of the river is paralleled by
the Black Rock Canal. Below Squaw Island, the river widens to approximately
2,000 feet and becomes more placid with velocities of 4 to 5 feet per second.
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 2.2.3 Power Facilities and Flows
All power diversions are made in compliance with the 1950 Niagara
Diversion Treaty so that the criteria as outlined in paragraph 2.2.2 above
are met.
A description of the plants and the corresponding diversions are
discussed in Appendix E, Power.
2.2.4 Navigation Facilities
The Black Rock Canal parallels the upper reach of the Niagara River
from Buffalo Harbor to the downstream end of Squaw Island, from which point a
navigation channel in the river extends to Tonawanda, New York. The canal
and navigation channel have a depth of about 21 feet. The canal provides an
alternate route around the constricted, shallow, and high velocity Peace
Bridge reach at the head of Niagara River. Extending from Buffalo Harbor to
the river above Strawberry Island, the canal is separated from the river by a
series of stone and concrete walls and by Squaw Island. The Black Rock Lock,
which has a lift of about 5 feet, is located near the lower end of the canal.
Operation of the lock requires the equivalent of a flow of about 10 cfs.
From Tonawanda to Niagara Falls, New York, opposite the southern tip of Grand
Island, a navigation channel with a minimum depth of 12 feet below low water
datum is maintained.
A further discussion of navigation facilities and the effects of
limited regulation of Lake Erie on commercial navigation can be found in
Appendix C, Commercial Navigation.
2.2.5 Bridges, Docks, and Other Facilities
Two bridges linking the Province of Ontario and the State of New York
are located over the Upper Niagara River.
The Peace Bridge (highway) crosses
the head of the river and the Black Rock Canal near Lake Erie. The
International Railroad bridge crosses the river and the canal about 1.5 miles
downstream from the Peace Bridge. The South and North Grand Island highway
bridges traverse the Tonawanda Channel at Kenmore and Niagara Falls, New
York, respectively.
Docks for recreational craft are located at many points along the Upper
Niagara River with a particularly high concentration along Grand Island.
There are commercial docks for bulk commodities along the United States
shoreline between the lower end of Black Rock Canal and North Tonawanda, New
York.
Several municipal and industrial water intakes and waste outfalls are
located in the upper river. Some of these have structures extending above
the water surface. The Buffalo sewage treatment plant is located on the
upper end of Squaw Island between the Black Rock Canal and the river.
2.3 Selection of Regulatory Works Alternatives
To provide for limited regulation of Lake Erie during periods of high
supply, an array of seven structural alternatives were chosen to accommodate
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 capacity of each alternative would be substantially limited by seasonal navi-
gation requirements in the canal. In addition, alternatives $1 and 52 would
require substantial expenditures for real estate since they would be located
on land owned by the city of Buffalo. Size variations of the series "5“
alternatives would increase the net annual discharge capacity of the Niagara
River up to 12,000 cfs and would cost up to $32.0 million.
Location maps of the series "S" alternatives are shown on Figures 8-5,
8-6, and 3-7.
2.3.3 Black Rock Canal - Black Rock Lock Alternatives
Alternative L1 would require modifying the existing Black Rock Lock by
the addition of a pair of sector gates. Since dimensional modification of
the lock chamber is not permissible, the maximum discharge capacity of this
alternative is limited. This alternative would also require bank protection
at critical locations along the Black Rock Canal to achieve mid-range through
maximum discharge capacity. In addition, operation of the lock to accom-
modate seasonal navigation requirements in the Black Rock Canal would
substantially limit the net annual discharge capacity of this alternative.
Variations of alternative L1 would increase the net annual discharge capacity
of Niagara River up to 9,000 cfs and would cost up to $13.1 million.
Figure 3-8 is a location map of alternative L1 which is typical of the
series "L" alternatives.
2.4 Hydraulic Considerations
The principal hydraulic considerations utilized in studies of Lake
Erie regulatory works are discussed below.
2.4.1 Assumptions
Basic assumptions made in the study process were:
1. Uniform hydraulic conditions for Lake Erie will be adopted in
order to permit the hydrologic comparison of various regulation plans on a
consistent basis;
2. The level of Chippawa-Grass Island Pool will be maintained in
accordance with the current operating procedures directed by the
International Niagara Board of Control, as detailed in its order of
27 February 1973;
3. Flow diversions through the Welland Canal will not change;
4. The Niagara River Ice Boom will be kept in operation;
5. Diversion flows associated with alternatives utilizing the Black
Rock Canal will be subject to operational constraints to accommodate both
commercial and recreational navigation.
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 based on literature surveys and operational experience, the subject of ice
problems should be thoroughly addressed in any advanced design of structures
in the Niagara River.
2.4.4 Operational Constraints
Any diversion flow through the Black Rock Canal would have an adverse
impact on both commercial and recreational navigation. To minimize this
impact, diversions via the canal would be restricted to night hours during
the navigation season. Operating plans were developed to be used in
conjunction with the Squaw Island series "S" alternatives and another.
somewhat more restrictive, plan to be used with the Black Rock Lock
series “L” alternative. These operating plans are shown on Figures 8-9
and 8—10. Each of these operating plans would substantially limit the daily
diversion flows on a seasonal basis in order to accommodate the overall
navigation requirements in the Black Rock Canal. The effect of each
operating plan on diversion flow in the canal is indicated by an efficiency
factor. This factor represents the percentage of possible channel capacity
available due to the imposed operating constraints.
2.4.5 Methodology
Steady-state mathematical models were developed for hydraulic analyses
of the Upper Niagara River and the Black Rock Canal. Essentially, the models
are computer programs which perform backwater computations under steady-state
flow conditions. The Niagara River model extends from the Chippawa-Grass
Island Pool to the head of the river at Buffalo, New York and utilizes a
U. 5. Army Corps of Engineers computer program entitled, “Steady-State
Sub-Critical Flow Backwater Model for the Niagara River." A listing of this
computer program is contained in Annex F. The Black Rock Canal model extends
from the appropriate downstream confluence of the canal and river, depending
upon the alternative under study, to the head of the canal at Buffalo Harbor.
This model employs a computer program developed by the U. S. Army Corps of
Engineers, Hydrologic Engineering Center, and entitled, “Computer Program
723-X6-L202A; HEC-Z Water Surface Profiles." The models were calibrated
using flows and levels obtained by measurement programs conducted by Water
Survey of Canada, Environment Canada, and Detroit District, U. S. Army Corps
of Engineers.
The mathematical models were utilized to determine the nature and extent
of channel enlargements and/or modifications needed to meet the hydraulic
requirements of any selected regulation plan. For any given alternative, the
models were used to determine the resulting water surface elevations and
average channel velocities at strategic locations along the river and canal.
In addition, channel capacities, channel excavation, length of control
structures, and length and locations of associated bank and shore protection
works were determined, based on output data from these models.
Cross sections of the river channel extending from the Slaters Point
gauge, located at the head of the Chippawa-Grass Island Pool, to Lake Erie
were incorporated into the Niagara River model. Backwater computations were
then initiated at the Chippewa-Grass Island Pool, using the water level
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ted
int
o
the
Bla
ck
Roc
k
Can
al
mat
hem
ati
cal
mod
el.
Bac
kwa
ter
com
put
ati
ons
for
the
ser
ies
"L"
alt
ern
ati
ves
wer
e i
nit
iat
ed
at
the
con
flu
enc
e o
f t
he
riv
er
and
the
dow
nst
rea
m B
lac
k R
ock
Loc
k a
ppr
oac
h c
han
nel
and
con
tin
ued
ups
tre
am
to
the
Buf
fal
o g
aug
e a
t L
ake
Erie
.
Lik
ewi
se,
bac
k-
wat
er
com
put
ati
ons
for
the
ser
ies
"S"
alt
ern
ati
ves
wer
e i
nit
iat
ed
at
the
con
flu
enc
e o
f t
he
riv
er
and
the
Squ
aw
Isl
and
div
ers
ion
cha
nne
l
sit
e a
nd
con
-
tinu
ed u
pstr
eam
thro
ugh
the
Blac
k Ro
ck C
anal
to t
he B
uffa
lo g
auge
at L
ake
Erie.
Because plans of regulation were selected subsequent to study
comm
ence
ment
, a
rang
e of
hydr
auli
c c
ondi
tion
s wh
ich
woul
d l
ikel
y en
comp
ass
tho
se
of
the
sel
ect
ed
pla
ns
wer
e s
imu
lat
ed
and
used
for
des
ign
pur
pos
es.
Beca
use
the
size
s an
d lo
cati
ons
of c
ontr
ol
stru
ctur
es
and
the
exte
nt o
f ch
an-
nel
enla
rgem
ents
are
inte
rrel
ated
, o
ptim
izat
ion
stud
ies
were
carr
ied
out
to
det
erm
ine
the
min
imu
m c
ost
of
all
reg
ula
tor
y w
ork
s.
The
des
ign
and
cost
esti
mate
s f
or a
ll
regu
lato
ry w
orks
alte
rnat
ives
, u
nder
stud
y, a
re
pres
ente
d
in Succeeding paragraphs.
2.5 Design and Cost Estimates
Common design criteria were used throughout the design process in order
that
a va
lid
comp
aris
on o
f co
sts
coul
d be
made
betw
een
the
vari
ous
alte
r-
nati
ves
unde
r st
udy.
All
dept
hs a
nd h
eigh
ts
give
n in
this
appe
ndix
are
refe
rred
to L
ow W
ater
Datu
m;
all
elev
atio
ns
are
refe
rred
to t
he I
nter
nati
onal
Grea
t La
kes
Datu
m (I
GLD)
.
Low
Wate
r Da
tum
of L
ake
Erie
is 5
68.6
feet
abov
e
mean
wate
r le
vel
at F
athe
r Po
int,
Queb
ec,
IGLD
(195
5) d
atum
.
The
foll
owin
g
para
grap
hs,
unle
ss o
ther
wise
note
d, a
re g
ener
aliz
ed
for
all
alte
rnat
ives
in
light of the common design criteria utilized.
2.5.1 Topographic and Geotechnical Characteristics
The series "N" alternatives would be situated on the natural rock
ledg
e wh
ich
prov
ides
virt
uall
y fu
ll
hydr
auli
c co
ntro
l o
f th
e Ni
agar
a Ri
ver
dis
cha
rge
.
The
con
tro
l s
tru
ctu
re
for
alt
ern
ati
ve
N3
wou
ld
be
loc
ate
d
appr
oxim
atel
y 30
0 fe
et d
owns
trea
m of
the
Peac
e Br
idge
at a
sect
ion
wher
e th
e
rive
r's
widt
h is
appr
oxim
atel
y 1,
650
feet
.
Chan
nel
exca
vati
on w
ould
exte
nd
from 1,000 feet upstream from the Peace Bridge to a distance up to 2,400 feet
downstream from the bridge. The area is bounded on the west by the Canadian
shoreline and on the east by the United States shoreline (Bird Island Pier).
Very little overburden is evident in this shallow reach of the river. Rock
outcrOppings are in evidence along the Bird Island Pier under low water
conditions. The required c0ntrol structure would be founded on bedrock.
Channel excavation along the U. S. shoreline would require removal of pri-
marily sound, durable bedrock.
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 The
series
"S"
alternatives
would
be
situated
on
either
end
of
Squaw
Island.
Alternatives
$1
and
32
would
be
located
within
the
downstream
third
of
the
island
in
an
area
that
has
been
used
as
a
disposal
site
for
many
years.
Large
volumes
of
ash
from
a
municipal
incinerator
and
other
debris
have
been
deposited
in
this
area
and
contained
by
a
rubblemound
dike
constructed
along
the
Niagara
River
side
of
the
island.
Both
alternatives
would
require
the
construction
of
a
diversion
channel
across
Squaw
Island.
After
stripping
unsuitable
material,
select
channel
excavation
material
would
be
used
to
construct
low
earth
dikes
along
the
channel
banks
as
required.
Channel
excavation
up
to
23
feet
below
pr
is
assumed
to
be
well
within
existing
overburden.
Alternative
53
would
be
located
within
the
Bird
Island
Pier
at
the
extreme
upstream
end
of
Squaw
Island.
A
section
of
the
existing
pier
would
be
removed
to
accommodate
construction
of
the
proposed
control
structure.
No
channel
excavation
is
anticipated
for
alternative
53.
The
control
structures
for
all
series
"5"
alternatives
would
be
founded
on
bedrock.
The
series
"L"
alternatives
would
be
located
at
the
upstream
end
of
the
Black
Rock
Lock,
adjacent
to
the
existing
guard
gate.
Sections
of
the
existing
guidewalls,
on
either
side
of
the
canal,
would
be
removed
to
accom-
modate
construction
of
the
sector
gates.
The
sector
gate
sill
would
be
founded
on
bedrock
at
the
same
elevation
as
the
adjacent
lock
structure.
The
required
gate
chambers
would
extend
into
the
backfill
on
both
sides.
i
The
assumed
top
of
rock
in
the
vicinity
of
each
alternative
structure
is
based
upon
limited
geotechnical
information
available
from
existing
and/or
previously
studied
projects
in
the
inmediate
area.
The
bedrock
underlying
the
overall
study
area
is
considered
competent
throughout
as
a
medium
on
which
structures
can
be
built.
The
bedrock
is
generally
characterized
by
one
or
more
layers
of
dolomite,
limestone,
shale,
gypsum
anhydrite,
and
com-
binations thereof.
2.5.2 Hydraulic Design
Pursuant
to
the
basic
assumptions
outlined
in
Section
2.4.1,
uniform
hydraulic
conditions
for
Lake
Erie
were
adopted
in
order
to
permit
the
hydrologic
comparison
of
various
regulation
plans
on
a
consistent
basis.
To
present
a
range
of
hydraulic
conditions
that
might
result
from
limited
regulation,
for
each
alternative
under
consideration,
Lake
Erie
outflows
of
200,000
cfs,
248,000
cfs,
and
265,000
cfs
were
supplemented
with
design
flow
increases
of
approximately
8,000
cfs,
20,000
cfs,
and
30,000
cfs.
For
alter-
natives
involving
the
Black
Rock
Canal,
net
increases
in
Lake
Erie
outflow
would
be
somewhat
less
than
design
flow
increases,
due
to
the
backwater
effect
in
the main
river
channel.
In
addition,
the
maximum
design
capacity
of
series
"L"
and
"S"
alternatives
would
be
limited
by
the
existing
dimen-
sions
of
the
Black
Rock
Lock
chamber
and/or
the
dimensions
of
the
canal.
The
discharge
capacity
of
each
alternative
was
determined
by
backwater
com-
putations
performed
in
accordance
with
the
methodology discussed
in
Section
2.4.5.
The
effective discharge
capacity of each
study
alternative
is
shown
on
Table
B-1.
The
capacity
shown
for
alternative
N3
(six
gates)
was
determined
by
rounding
a
straight
line
proportion
between
similar
five
and
seven gate alternatives.
i
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 2.5.3 Control Gates
The following general considerations were taken into account in
selecting the type of control gate for each study alternative:
l
1. The gate must be capable of passing large amounts of ice and/or A
debris;
2. The normal operating head should range up to 5 feet;
3. At times, under storm surge conditions, a 15-foot increase in
operating head could be accommodated;
4. Swift and efficient gate operation must be possible to satisfy
emergency situations; and
5. The gate selected for the series “L” alternative must be capable of
passing commercial vessels with drafts up to 21 feet.
Based upon these criteria, submersible tainter gates were selected for the _
series "N" and "S" alternatives and sector gates were chosen for the series i
"L" alternatives. ‘
Due to the lower head conditions that would exist at the series "N" l
control works, multiple tainter gates would be required to accommodate the
range of hydraulic conditions, under study. Each series "N" gate would be
75 feet wide and 40 feet high. For the same reason, alternative S3 would
require up to three tainter gates, 90 feet wide by 23 feet high. A single
tainter gate, 34 feet high and varying in width between 30 feet and 110 feet,
would satisfy alternatives $1 and 52 conditions.
Although submersible tainter gates have proven effective in passing ice
and debris, the use of other types of gates, such as radial submersible sec-
tor gates, was not ruled out. Submersible tainter gates were selected to
determine representative gate costs for preliminary design purposes. The
operational and economic feasibility of other types of gates would require
investigation during detailed advanced engineering design and hydraulic model
testing. This w0uld be particularly important in view of the severe ice run
conditions from Lake Erie.
Sector gates were selected for the series "L" alternatives to permit
continued usage of the Black Rock Lock as a navigation facility. This type
of gate has been used in navigation locks throughout the United States and
Canada. The 70-foot wide by 33-foot high sector gates would satisfy opera-
tional and hydraulic requirements of limited regulation of Lake Erie.
2.5.4 Structural Design 3
Preliminary designs were prepared for control structures necessary to
accommodate the two different types of gates selected in Section 2.5.3.
The designs were based on structures proposed in previous regulation studies L
and/or a literature survey of existing practice. Although stability analyses f
 of
th
e
st
ru
ct
ur
es
we
re
no
t
ca
rr
ie
d
ou
t,
co
ns
er
va
ti
ve
di
me
ns
io
ns
we
re
se
le
ct
ed
fo
r
ea
ch
st
ru
ct
ur
al
co
mp
on
en
t.
Al
l
co
nt
ro
l
st
ru
ct
ur
es
wo
ul
d
be
fo
un
de
d
on
be
dr
oc
k.
Th
e
fo
ll
ow
in
g
pa
ra
gr
ap
hs
de
sc
ri
be
th
e
im
pr
ov
em
en
ts
th
at
wo
ul
d
be
required.
The
con
tro
l
str
uct
ure
for
the
ser
ies
"N"
alt
ern
ati
ves
wou
ld
be
a_s
eri
es
of
15
-f
oo
t
wi
de
re
in
fo
rc
ed
co
nc
re
te
pi
er
bu
tt
re
ss
es
su
pp
or
ti
ng
th
e
ta
in
te
r
ga
te
s
an
d
ex
te
nd
in
g
to
th
e
bo
tt
om
of
th
e
ga
te
si
ll
.
Th
e
nu
mb
er
of
75
-f
oo
t
wi
de
ga
te
ba
ys
an
d
ov
er
al
l
st
ru
ct
ur
e
wi
dt
h
ar
e
de
pe
nd
en
t
up
on
th
e
re
qu
ir
e-
me
nt
s
of
th
e
re
gu
la
ti
on
pl
an
un
de
r
st
ud
y.
A
mi
ni
mu
m
20
-f
oo
t
de
ep
si
ll
bl
oc
k
of
co
nc
re
te
wo
ul
d
be
pr
ov
id
ed
fo
r
th
e
ba
se
of
th
e
st
ru
ct
ur
e
to
as
su
re
an
ad
e-
qu
at
e
sa
fe
ty
fa
ct
or
ag
ai
ns
t
ov
er
tu
rn
in
g.
In
ad
di
ti
on
to
th
e
co
nt
ro
l
st
ru
ct
ur
e,
ot
he
r
ap
pu
rt
en
an
t
se
ri
es
"N
"
co
ns
tr
uc
ti
on
wo
ul
d
in
cl
ud
e:
1.
Ra
is
in
g
an
d
wi
de
ni
ng
th
e
ex
is
ti
ng
Bi
rd
Is
la
nd
Pi
er
be
tw
ee
n
Sq
ua
w
Is
la
nd
an
d
th
e
co
nt
ro
l
st
ru
ct
ur
e
to
pr
ov
id
e
a
ro
ad
wa
y
fo
r
tr
uc
k
ac
ce
ss
du
ri
ng
co
ns
tr
uc
ti
on
an
d
fo
r
fu
tu
re
op
er
at
io
n
an
d
ma
in
te
na
nc
e;
2.
A
ro
ck
-f
il
le
d
wo
rk
are
a
in
th
e
ri
ve
r
to
co
nn
ec
t
the
co
nt
ro
l
st
ru
c-
tu
re
wi
th
th
e
im
pr
ov
ed
Bi
rd
Is
la
nd
Pi
er
;
3.
A
25
-f
oo
t
by
25
-f
oo
t
ma
so
nr
y
op
er
at
io
ns
bu
il
di
ng
lo
ca
te
d
ad
ja
ce
nt
to
th
e
co
nt
ro
l
st
ru
ct
ur
e;
an
d
4.
Te
mp
or
ar
y
ce
ll
ul
ar
ste
el
sh
ee
t
pil
e
co
ff
er
da
ms
in
th
e
ri
ve
r
to
fa
ci
-
li
ta
te
su
bs
eq
ue
nt
co
ns
tr
uc
ti
on
of
th
e
co
nt
ro
l
st
ru
ct
ur
e
in
—t
he
-d
ry
.
Th
e
co
nt
ro
l
st
ru
ct
ur
es
fo
r
the
th
re
e
se
ri
es
"S"
al
te
rn
at
iv
es
wo
ul
d
be
sim
ila
r
to
the
ser
ies
"N"
str
uct
ure
.
Due
to
les
s
sev
ere
des
ign
cri
ter
ia
and
sm
al
le
r
ga
te
si
ze
s,
th
e
wi
dt
h
of
ea
ch
pi
er
bu
tt
re
ss
and
th
e
mi
ni
mu
m
th
ic
kn
es
s
of
the
sil
l
blo
cks
wer
e
red
uce
d
to
10
fee
t
and
8
fee
t,
res
pec
tiv
ely
.
The
num
ber
of
gat
e b
ays
,
gat
e w
idt
h,
and
ove
ral
l
str
uct
ure
wid
th
are
dep
end
ent
on
bot
h t
he
alt
ern
ati
ve
and
the
reg
ula
tio
n
pla
n u
nde
r
stu
dy.
Alt
ern
ati
ves
$1
and
32
wou
ld
req
uir
e e
ith
er
a 3
0-f
oot
, 7
5-f
oot
, o
r 1
10-
foo
t t
ain
ter
gat
e,
whe
rea
s
alt
ern
ati
ve
S3
wou
ld
uti
liz
e f
rom
one
to
thr
ee
90-
foo
t g
ate
s t
o
sat
isf
y
sim
ila
r
reg
ula
tio
n
pla
ns.
A
foo
tbr
idg
e
wou
ld
be
con
str
uct
ed
ove
r
the
al
te
rn
at
iv
e
32
ga
te
ba
y
to
pe
rm
it
ma
in
te
na
nc
e
ac
ce
ss
fr
om
th
e
Bl
ac
k
Ro
ck
Lo
ck
sid
e.
A
sim
ila
r
enc
los
ed
foo
tbr
idg
e
wou
ld
be
pro
vid
ed
ove
r
the
alt
ern
ati
ve
S3
gat
e
bay
s
to
all
ow
pub
lic
acc
ess
to
the
Bir
d
Isl
and
Pie
r
for
rec
rea
tio
nal
fis
hin
g.
In
add
iti
on
to
the
con
tro
l
str
uct
ure
,
oth
er
app
urt
ena
nt
ser
ies
"5"
construction would include:
1.
A r
ock
-fi
lle
d w
ork
are
a
in
the
riv
er
to
con
nec
t t
he
alt
ern
ati
ve
S3
control structure with Squaw Island;
2.
A 2
5-f
oot
by
25-
foo
t m
aso
nry
ope
rat
ion
s b
uil
din
g l
oca
ted
adj
ace
nt
to
the alternative 53 control structure;
3.
Tem
por
ary
cel
lul
ar
stee
l s
hee
t p
ile
cof
fer
dam
s t
o f
aci
lit
ate
sub-
seq
uen
t
con
str
uct
ion
of
the
con
tro
l
str
uct
ure
s
in-
the
-dr
y;
4.
A
hig
hwa
y b
rid
ge
acr
oss
the
alt
ern
ati
ve
51
div
ers
ion
cha
nne
l
to
per
mit
pub
lic
acc
ess
to
the
nor
the
rn
por
tio
n o
f S
qua
w I
sla
nd;
8-25
  
5. An open cellular steel sheet pile guardwall with connecting
footbridges across the entrance to the proposed alternative 52 diversion
channel;
6. A temporary ice boom across the Black Rock Canal at the upstream
end of Bird Island Pier to restrict the passage of large ice floes into the
canal during any series "S" diversion flow;
7. Fixed log booms across the upstream end of the alternatives $1 and
$2 diversion channels to control floating debris and small—boat access to the
control structure; and,
8. Installation of movable log booms across the Black Rock Canal
upstream and downstream of the alternative S3 structure for the same purpose. 5
The movable log booms would close the canal only during periods of diversion ?
flow when the canal would be unsafe for navigation.
The control structure for the series "L" alternatives would be a pair of
reinforced concrete gate chambers supporting the sector gates and extending
to the top of the gate sill. The gate chambers would replace sections of
the existing guidewalls. A 24-foot thick sill block of concrete would be
provided for the base of the structure to assure an adequate safety factor
against flotation. A stoplog system would enable dewatering of the gate bay 1
and chambers for repairs and maintenance. Other appurtenant series "L"
construction would include:
1. Temporary cellular steel sheet pile cofferdams around the landward
sides of the proposed gate chambers to permit construction in-the-dry;
2. A reusable floating closure structure across the Black Rock Canal to
permit quick dewaterings for two I’time restricted" construction seasons; and,
3. Installation of a temporary ice boom and movable log boom across the
Black Rock Canal similar to those proposed for alternative $3 above.
2.5.5 Channel Enlargement
As indicated in Section 2.4.5, the determination of the nature and
extent of channel enlargement and/or modifications was carried out using
mathematical models of the Niagara River and Black Rock Canal. Basically,
there are three alternatives that require either channel enlargement or
modifications, namely alternatives N3, 51, and $2. The following paragraphs
summarize the necessary alterations.
Channel enlargement f0r alternative N3 would be required in the Niagara
River above and below the Peace Bridge where a natural rock ledge controls
the existing river discharge. The length and width of the areas requiring
excavation are dependent on the regulation plan under study. Rock
excavation, up to 17 feet in depth, would start approximately 1,000 feet
upstream of the Peace Bridge for all plans and extend downstream from the
bridge between 2,300 feet and 2,370 feet. The bottom width of the excavation
would vary from 325 feet to 875 feet. Drilling and blasting would be
 re
qu
ir
ed
to
ac
co
mp
li
sh
th
e
ex
ca
va
ti
on
of
ap
pr
ox
im
at
el
y
40
0,
00
0
cu
bi
c
ya
rd
s
to
1,
30
0,
00
0
cu
bi
c
ya
rd
s
of
ro
ck
.
Th
is
ma
te
ri
al
is
as
su
me
d
to
be
en
vi
ro
nm
en
-
ta
ll
y
cl
ea
n
an
d
wo
ul
d
be
di
sp
os
ed
of
in
a
su
it
ab
le
Op
en
-l
ak
e
di
sp
os
al
si
te
.
Al
te
rn
at
iv
e
SI
wo
ul
d
re
qu
ir
e
co
ns
tr
uc
ti
on
of
a
di
ve
rs
io
n
ch
an
ne
l
sk
ew
ed
ac
ro
ss
Sq
ua
w
Is
la
nd
im
me
di
at
el
y
no
rt
h
of
th
e
ex
is
ti
ng
In
te
rn
at
io
na
l
Ra
il
ro
ad
br
id
ge
.
Th
e
al
te
rn
at
iv
e
ch
an
ne
l
wo
ul
d
by
pa
ss
th
e
Bl
ac
k
Ro
ck
Lo
ck
an
d
pe
rm
it
La
ke
Er
ie
di
sc
ha
rg
e
vi
a
th
e
Bl
ac
k
Ro
ck
Ca
na
l.
Th
e
le
ng
th
an
d
wi
dt
h
of
th
e
ne
w
ch
an
ne
l
wo
ul
d
be
de
pe
nd
en
t
on
th
e
re
gu
la
ti
on
pl
an
un
de
r
st
ud
y.
Ea
rt
h
ex
ca
va
ti
on
up
to
29
fe
et
in
de
pt
h
wo
ul
d
st
ar
t
at
th
e
ca
na
l,
ap
pr
ox
im
at
el
y
35
0
fe
et
do
wn
st
re
am
of
th
e
In
te
rn
at
io
na
l
Br
id
ge
,
an
d
ex
te
nd
ac
ro
ss
th
e
is
la
nd
be
tw
ee
n
1,
20
0
fe
et
an
d
1,
50
0
fe
et
in
le
ng
th
.
Th
e
bo
tt
om
wi
dt
h
of
th
e
ex
ca
va
ti
on
wo
ul
d
va
ry
fr
om
30
fe
et
to
18
0
fe
et
.
Ea
rt
h
le
ve
es
,
up
st
re
am
an
d
do
wn
st
re
am
of
th
e
co
nt
ro
l
st
ru
ct
ur
e,
wo
ul
d
pr
ov
id
e
pr
ot
ec
ti
on
ag
ai
ns
t
ov
er
to
pp
in
g
du
ri
ng
ex
tr
em
e
hi
gh
le
ve
ls
.
Th
e
qu
an
ti
ty
of
ea
rt
h
ex
ca
—
va
ti
on
wo
ul
d
ra
ng
e
fr
om
ap
pr
ox
im
at
el
y
10
0,
00
0
Cu
bi
c
ya
rd
s
to
30
0,
00
0
cu
bi
c
ya
rd
s.
Pa
rt
of
th
e
ma
te
ri
al
wo
ul
d
be
us
ed
fo
r
le
ve
e
co
ns
tr
uc
ti
on
an
d
th
e
re
ma
in
de
r
wo
ul
d
be
di
sp
os
ed
of
in
th
e
ad
ja
ce
nt
Ci
ty
of
Bu
ff
al
o
di
sp
os
al
ar
ea
.
Re
mo
va
l
of
up
to
80
0
fe
et
of
an
ex
is
ti
ng
st
ee
l
sh
ee
t
pi
le
wa
ll
al
on
g
th
e
Bl
ac
k
Ro
ck
Ca
na
l
an
d
up
to
45
0
fe
et
of
an
ex
is
ti
ng
st
on
e
di
ke
al
on
g
th
e
Ni
ag
ar
a
Ri
ve
r
wo
ul
d
be
re
qu
ir
ed
to
co
mp
le
te
th
e
di
ve
rs
io
n
ch
an
ne
l.
Al
te
rn
at
iv
e
32
wo
ul
d
re
qu
ir
e
co
ns
tr
uc
ti
on
of
a
di
ve
rs
io
n
ch
an
ne
l
ac
ro
ss
Sq
ua
w
Is
la
nd
pa
ra
ll
el
wi
th
an
d
im
me
di
at
el
y
ad
ja
ce
nt
to
th
e
ex
is
ti
ng
Bl
ac
k
Ro
ck
Lo
ck
.
Th
is
ch
an
ne
l
wo
ul
d
fu
nc
ti
on
si
mi
la
rl
y
to
th
e
al
te
rn
at
iv
e
SI
ch
an
ne
l.
Th
e
le
ng
th
an
d
wi
dt
h
of
th
is
ch
an
ne
l
wo
ul
d
be
de
pe
nd
en
t
on
th
e
re
gu
la
ti
on
pl
an
un
de
r
st
ud
y.
Ea
rt
h
ex
ca
va
ti
on
,
up
to
25
fe
et
in
de
pt
h,
wo
ul
d
be
gi
n
at
th
e
Bl
ac
k
Ro
ck
Ca
na
l,
ap
pr
ox
im
at
el
y
90
0
fe
et
do
wn
st
re
am
of
th
e
In
te
rn
at
io
na
l
Ra
il
ro
ad
br
id
ge
,
an
d
ex
te
nd
1,
60
0
fe
et
al
on
g
th
e
ea
st
si
de
of
th
e
is
la
nd
.
Th
e
bo
tt
om
wi
dt
h
of
th
e
ex
ca
va
ti
on
wo
ul
d
va
ry
fr
om
50
fe
et
to
25
0
fe
et
.
Ea
rt
h
an
d
ro
ck
le
ve
es
,
up
st
re
am
an
d
do
wn
st
re
am
of
th
e
co
nt
ro
l
st
ru
ct
ur
e,
wo
ul
d
pr
ov
id
e
ad
eq
ua
te
fr
ee
bo
ar
d
al
on
g
th
e
ea
st
si
de
of
th
e
is
la
nd
.
Th
e
qu
an
ti
ty
of
ch
an
ne
l
ex
ca
va
ti
on
wo
ul
d
ra
ng
e
fr
om
ap
pr
ox
im
at
el
y
10
0,
00
0
cu
bi
c
ya
rd
s
to
35
0,
00
0
cu
bi
c
ya
rd
s.
Pa
rt
of
th
e
ma
te
ri
al
wo
ul
d
be
us
ed
fo
r
ea
rt
h
le
ve
e
co
ns
tr
uc
ti
on
,
an
d
th
e
re
ma
in
de
r
wo
ul
d
be
di
sp
os
ed
of
in
th
e
ad
ja
ce
nt
Ci
ty
of
Bu
ff
al
o
di
sp
os
al
ar
ea
.
Re
mo
va
l
of
up
to
80
fe
et
of
an
ex
is
ti
ng
st
ee
l
sh
ee
t
pi
le
wa
ll
an
d
32
0
fe
et
of
an
ex
is
ti
ng
co
nc
re
te
—c
ap
pe
d
ti
mb
er
cr
ib
gu
id
e
wa
ll
,
bo
th
al
on
g
th
e
Bl
ac
k
Ro
ck
Ca
na
l,
an
d
up
to
38
0
fe
et
of
an
ex
is
ti
ng
st
on
e
di
ke
al
on
g
th
e
Ni
ag
ar
a
Ri
ve
r
wo
ul
d
be
re
qu
ir
ed
to
co
mp
le
te
th
e
di
ve
rs
io
n
ch
an
ne
l.
2.5.6 Bank Protection
Ba
nk
pr
ot
ec
ti
on
al
on
g
cr
it
ic
al
ve
lo
ci
ty
re
ac
he
s
of
th
e
ex
is
ti
ng
Bl
ac
k
Ro
ck
Ca
na
l
an
d
th
e
Sq
ua
w
Is
la
nd
di
ve
rs
io
n
ch
an
ne
l
wo
ul
d
be
re
qu
ir
ed
wi
th
an
y
se
ri
es
"S
"
or
"L
"
al
te
rn
at
iv
e
th
at
pr
ov
id
es
a
mi
d-
to
hi
gh
-r
an
ge
in
cr
ea
se
in
La
ke
Er
ie
ou
tf
lo
w.
Th
e
de
te
rm
in
at
io
n
of
th
e
ex
te
nt
of
ba
nk
pr
ot
ec
ti
on
wa
s
ba
se
d
on
an
on
si
te
ev
al
ua
ti
on
of
th
e
ca
na
l
ba
nk
s
an
d
ve
lo
ci
ty
pr
of
il
es
of
bo
th
th
e
ca
na
l
an
d
di
ve
rs
io
n
ch
an
ne
l
as
ge
ne
ra
te
d
by
th
e
ma
th
em
at
ic
al
mo
de
l
of
th
e
Bl
ac
k
Ro
ck
Ca
na
l
di
sc
us
se
d
in
Se
ct
io
n
2.
4.
5.
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 Based on the type and/or condition of existing structures and natural
sideslopes, Alternatives $1 and 52 would require bank protection along the
existing canal from 2,500 feet upstream of the Peace Bridge to the Black Rock
Lock and along the proposed diversion channels. The locations and amount of
required bank protection are dependent on the regulation plan under study.
Between 500 feet and 4,850 feet of 18-inch riprap protection would be pro-
vided along the earthen canal banks with either alternative. Up to 1,920
feet and 1,050 feet of additional 24-inch riprap protection would be provided
along the diversion channel sideslopes for Alternatives $1 and $2,
respectively. Between 1,050 feet and 6,850 feet of steel sheet pile
bulkheads would be constructed around bridge abutments and along the right
(eas
t)
bank
of t
he c
anal
adja
cent
to t
he t
hruw
ay u
nder
Alte
rnat
ive
SI.
Like
wise
, b
etwe
en 4
00 f
eet
and
6,85
0 fe
et o
f st
eel
bulk
head
s wo
uld
be
cons
truc
ted
for
Alte
rnat
ive
82.
Unde
r Al
tern
ativ
e 52
, up
to 1
,250
feet
of
36-i
nch
ripr
ap t
oe p
rote
ctio
n wo
uld
be p
lace
d on
the
cana
l b
otto
m al
ong
the
stee
l s
heet
pile
and
timb
er p
ile
bulk
head
s do
wnst
ream
of t
he I
nter
nati
onal
Railroad bridge.
Alternative S3 would require bank protection along the existing canal
from 2,500 feet upstream of the Peace Bridge to Squaw Island. The locations
and quantity of protection are once again dependent on the regulation plan
unde
r st
udy.
Up t
o 1,
000
feet
of 1
8-in
ch r
ipra
p pr
otec
tion
woul
d be
prov
ided
alo
ng
the
ear
the
n r
igh
t b
ank
of
the
cana
l u
pst
rea
m o
f t
he
Pea
ce
Bri
dge
.
Betw
een
300
feet
and
800
feet
of h
eavy
armo
r st
one
woul
d be
plac
ed o
n th
e
left
(wes
t)
bank
of t
he c
anal
, ar
ound
the
cont
rol
stru
ctur
e, a
nd a
long
the
Bird
Isla
nd P
ier
down
stre
am
of t
he P
eace
Brid
ge.
Betw
een
400
feet
and
3,00
0
feet of steel sheet pile bulkheads would be constructed along the right bank
of the canal upstream and downstream of the Peace Bridge.
Alt
ern
ati
ve
L1
wou
ld
req
uir
e b
ank
pro
tec
tio
n a
lon
g t
he
exi
sti
ng
cana
l
from
2,50
0 fe
et
upst
ream
of t
he P
eace
Brid
ge t
o th
e Bl
ack
Rock
Lock
.
The
loca
tion
s an
d ex
tent
of p
rote
ctio
n va
ry w
ith
the
regu
lati
on p
lan
unde
r st
udy.
Betw
een
500
feet
and
2,65
0 fe
et o
f 18
—inc
h ri
prap
prot
ecti
on w
ould
be p
ro-
vid
ed
alo
ng
the
ear
the
n c
anal
ban
ks
ups
tre
am
and
dow
nst
rea
m o
f t
he
Pea
ce
Brid
ge.
Up t
o 1,
100
feet
of 3
6-in
ch r
ipra
p to
e pr
otec
tion
woul
d be
plac
ed o
n
the
cana
l b
ott
om
alo
ng
the
bul
khe
ads
and
lock
gui
dew
all
s d
own
str
eam
of
the
Int
ern
ati
ona
l R
ail
roa
d b
rid
ge.
Up
to
1,0
50
fee
t o
f s
teel
she
et
pil
e
bul
khe
ads
wou
ld
be
con
str
uct
ed
aro
und
the
abu
tme
nts
of
the
Int
ern
ati
ona
l
bri
dge
and
alo
ng
the
Fer
ry
Str
eet
bri
dge
righ
t a
but
men
t.
2.5.7 Shore Protection Works
The
ext
ra
dis
cha
rge
cap
aci
ty
pro
vid
ed
by
the
ser
ies
"L,"
"S,"
and
"N"
alt
ern
ati
ves
wou
ld
not
be
used
if w
ate
r s
upp
ly
con
dit
ion
s t
o L
ake
Eri
e w
ere
at
or
bel
ow
nor
mal
.
How
eve
r,
in
the
cas
e o
f t
he
ser
ies
"N"
alt
ern
ati
ve,
clo
-
5u
re
of
th
e
ga
te
s
wo
ul
d
pr
od
uc
e
ri
ve
r
le
ve
ls
hi
gh
er
th
an
pr
ep
ro
je
ct
fr
om
the
con
tro
l
str
uct
ure
to
a p
oin
t
som
ewh
at
dow
nst
rea
m
fro
m t
he
lak
e's
out
let
.
The
ref
ore
, d
uri
ng
sto
rm
sur
ge
con
dit
ion
s a
t t
he
eas
ter
n e
nd
of
Lak
e E
rie
the
acc
omp
any
ing
tem
por
ary
wat
er
lev
el
ris
es
wou
ld
be
a m
att
er
of
con
cer
n.
A
lak
e
out
flo
w o
f
295
,00
0
cfs
wit
h
gat
es
clo
sed
wou
ld
rai
se
the
wat
er
lev
el
abo
ut
3 f
eet
imm
edi
ate
ly
ups
tre
am
fro
m
the
con
tro
l
str
uct
ure
.
To
mit
iga
te
the
adv
ers
e
imp
act
of
thi
s r
ise
on
the
Can
adi
an
sho
rel
ine
, t
he
exi
sti
ng
sto
ne
  
 ma
so
nr
y
wa
ll
wh
ic
h
ex
te
nd
s
fr
om
ab
ou
t
7,
70
0
fe
et
up
st
re
am
to
ab
ou
t
80
0
fe
et
do
wn
st
re
am
fr
om
the
Pe
ac
e
Br
id
ge
wo
ul
d
ha
ve
to
be
ra
is
ed
fr
om
1
to
3
fe
et
and
bac
kfi
lle
d
wit
h
an
ear
th
ber
m.
No
add
iti
ona
l
pro
tec
tio
n
wou
ld
be
nee
ded
on
the United States shoreline.
In
th
e
ev
en
t
of
st
or
m
su
rg
es
wh
ic
h
pr
od
uc
e
Ni
ag
ar
a
Ri
ve
r
fl
ow
s
su
bs
ta
n-
ti
al
ly
in
ex
ce
ss
of
29
5,
00
0
cf
s,
fl
oo
di
ng
has
oc
cu
rr
ed
and
wil
l
co
nt
in
ue
to
oc
cu
r
in
sp
ec
if
ic
ar
ea
s
up
st
re
am
fr
om
Ni
ag
ar
a
Fa
ll
s
in
bo
th
co
un
tr
ie
s.
In
su
ch
in
st
an
ce
s,
re
ga
rd
le
ss
of
su
pp
ly
co
nd
it
io
ns
to
La
ke
Er
ie
,
th
e
co
nt
ro
l
st
ru
ct
ur
e
ga
te
s
wo
ul
d
be
cl
os
ed
on
ly
en
ou
gh
to
co
mp
en
sa
te
fo
r
the
ad
di
ti
on
al
ou
tf
lo
w
ma
de
po
ss
ib
le
by
th
e
pr
oj
ec
t
dr
ed
gi
ng
.
2.5.8 Cost Estimates
Cos
t
est
ima
tes
for
the
stu
dy
alt
ern
ati
ves
wer
e
bas
ed
on
uni
t
cos
ts
use
d
on
sim
ila
r U
.S.
Arm
y
Cor
ps
of
Eng
ine
ers
pro
jec
ts
and
exp
res
sed
in
Jul
y 1
979
pri
ce
lev
els
.
Cor
res
pon
din
g c
ost
s f
or
eac
h p
roj
ect
fea
tur
e
wer
e
dev
elo
ped
for
the
dis
cha
rge
cap
aci
tie
s
req
uir
ed
to
ful
fil
l
the
var
iou
s
reg
ula
tio
n
pla
ns
und
er
stu
dy.
Maj
or
fea
tur
es
inc
lud
e
the
fol
low
ing
:
1.
Con
tro
l
str
uct
ure
s e
ith
er
in
the
Nia
gar
a R
ive
r,
on
Squ
aw
Isl
and
, o
r
on Bird Island pier;
2. Black Rock Lock modifications;
3. Niagara River deepening;
4. Squaw Island diversion channels;
5. Black Rock Canal bank protection; and,
6.
Sho
re
pro
tec
tio
n a
lon
g t
he
Can
adi
an
sho
rel
ine
of
the
upp
er
Nia
gar
a
River.
These costs were added together and escalated by a 25 percent con-
tin
gen
cy
all
owa
nce
to
obt
ain
the
tota
l d
ire
ct
cos
ts.
Ind
ire
ct
cos
ts,
whi
ch
inc
lud
e a
llo
wan
ces
for
det
ail
ed
inv
est
iga
tio
ns,
fou
nda
tio
n e
xpl
ora
tio
ns,
eng
ine
eri
ng
des
ign
s,
and
con
str
uct
ion
sup
erv
isi
on
and
adm
ini
str
ati
on,
wer
e
est
ima
ted
at
15
per
cen
t o
f t
he
tot
al
dir
ect
cos
ts
and
add
ed
to
obt
ain
the
tot
al
est
ima
ted
con
str
uct
ion
cos
ts.
An
eng
ine
eri
ng
app
rai
sal
of
rea
l
est
ate
cos
ts,
inc
lud
ing
lan
ds
and
dam
age
s,
was
pre
par
ed
and
add
ed
to
the
tota
l
con
str
uct
ion
cos
ts,
whe
re
app
lic
abl
e,
to
obt
ain
the
tota
l e
sti
mat
ed
fir
st
cos
ts
sho
wn
on
Tab
le
B-2
.
Lan
d c
ost
s w
ere
bas
ed
on
the
ass
ess
ed
val
ue
of
the
req
uir
ed
lan
ds
as
rec
ord
ed
by
the
Cit
y o
f B
uff
alo
and
adj
ust
ed
by
the
cur
ren
t
New
Yor
k S
tat
e e
qua
liz
ati
on
fac
tor
of
42.
69
per
cen
t t
o o
bta
in
the
fai
r m
ark
et
val
ue.
Alt
ern
ati
ves
SI
and
82
wou
ld
req
uir
e a
cqu
isi
tio
n o
f u
p t
o 1
4 a
cre
s o
f
an
exi
sti
ng
Cit
y o
f B
uff
alo
dis
pos
al
are
a l
oca
ted
at
the
nor
the
rn
end
of
Squa
w Is
land
.
Dama
ges
due
to t
he p
roje
ct w
ere
asse
ssed
to c
ompe
nsat
e th
e
City
of B
uffa
lo f
or t
he a
ddit
iona
l c
osts
that
woul
d be
incu
rred
to d
ispo
se o
f
a vo
lume
of m
ater
ial
equa
l to
the
disp
osal
area
volu
me l
ost
duri
ng t
he
remaining 10-year life of the affected area.
  
Tab
le
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- N
iag
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Riv
er
Are
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tor
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:
In
cr
ea
se
d
:
Co
st
Es
ti
ma
te
si
/
in
Mi
ll
io
ns
of
Do
ll
ar
s
:D
is
ch
ar
ge
Ca
pa
ci
ti
es
l[
§/
:
:
:
Al
te
rn
at
iv
e
1 C
ub
ic
Fe
e:
Pe
r
Se
co
nd
g
Fi
rs
t
Co
st
s
: A
ve
ra
ge
An
nu
al
Co
st
s
:
Pr
es
en
t
wo
rt
h
31-
30
4,2
50
(6,
800
)
3 1
1.6
2
s 1
.22
5 1
4.0
5
51
-7
5
3
9,
56
0
(1
5,
30
0)
E
18
.5
7
1.
90
21
.9
3
51
-1
10
I:
12
.0
00
(1
9,
20
0)
E
28
.3
8
2.
86
33
.0
2
52
-3
0
4,
25
0
(6
,8
00
)
11
.1
6
1.
17
§
13
.4
7
52
-7
5
2
9,
62
0
(1
5,
40
0)
E
19
.6
3
1.
95
22
.5
2
32
-1
10
::
12
,0
00
(1
9,
20
0)
g
32
.0
2
'3
.1
7
36
.6
7
53
-9
0
(1
ga
te
)
3,
87
0
(6
,2
00
)
10
.2
4
1.
16
13
.3
6
53
-9
0
(2
ga
te
s)
3
7,
12
0
(1
1,
40
0)
E
17
.1
7
E
1.
87
21
.5
8
53
-9
0
(3
ga
te
s)
9,
56
0
(1
5,
30
0)
26
.0
8
2.
78
32
.1
4
11
40
‘
op
en
3,
68
0
(6
,8
00
)
2
10
.3
1
1.
19
13
.8
0
11
40
'
0p
en
8,
67
0
(1
6,
00
0)
2
13
.1
2
E
1.
49
17
.2
4
03
-7
5
(3
ga
te
s)
8,
60
0
(8
,6
00
)
56
.5
1
5.
97
69
.0
1
03
-7
5
(5
ga
te
s)
20
,7
00
(2
0,
70
0)
93
.8
3
9.
81
11
3.
38
03
-7
5
(6
ga
te
s)
2
25
,0
00
(2
5,
00
0)
Q
11
1.
39
E
11
.6
1
2
13
4.
25
11
3-
75
(7
ga
te
s)
28
,6
00
(2
8,
60
0)
12
9.
55
E
13
.4
9
2
15
5.
90
Notes:
1]
Di
sc
ha
rg
e
ca
pa
ci
ti
es
ar
e
sh
ow
n
fo
r
a
La
ke
Er
ie
de
si
gn
di
sc
ha
rg
e
of
20
0,
00
0
cu
bi
c
fe
et
pe
r
se
co
nd
.
Co
rr
es
po
nd
in
g
ca
pa
ci
ti
es
fo
r
de
si
gn
di
sc
ha
rg
es
of
24
8,
00
0
an
d
26
5,
00
0
cu
bi
c
fe
et
pe
r
se
co
nd
are shown on Table 0-1.
g/
4,
25
0
-
Nu
mb
er
s
wi
th
ou
t
br
ac
ke
ts
in
di
ca
te
ne
t
in
cr
ea
se
d
di
sc
ha
rg
es
af
te
r
ap
pl
yi
ng
av
er
ag
e
an
nu
al
ef
fi
ci
en
cy
fa
ct
or
s
ba
se
d
on
Bl
ac
k
Ro
ck
Ca
na
l
pr
op
os
ed
op
er
at
in
g
pr
oc
ed
ur
es
.
(6
,8
00
)
-
Nu
mb
er
s
wi
th
br
ac
ke
ts
in
di
ca
te
ma
xi
mu
m
ne
t
in
cr
ea
se
d
di
sc
ha
rg
es
th
at
wo
ul
d
be
po
ss
ib
le
wi
th
ou
t
Bl
ac
k
Ro
ck
Ca
na
l
op
er
at
in
g
co
ns
tr
ai
nt
s.
3/
Co
st
es
ti
ma
te
s
ar
e
ba
se
d
on
Ju
ly
19
79
pr
ic
e
le
ve
ls
,
a
50
-y
ea
r
ec
on
om
ic
pr
oj
ec
t
li
fe
an
d
an
8-
1/
2
pe
rc
en
t
in
te
re
st
ra
te
.
Th
ey
in
cl
ud
e
co
ns
tr
uc
ti
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co
st
s,
la
nd
co
st
s.
an
d
da
ma
ge
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 Fi
rs
t
Co
st
Op
ti
mi
za
ti
on
:
Re
vi
ew
in
g
the
di
sc
ha
rg
e
ca
pa
ci
ti
es
and
cos
t
es
ti
ma
te
s
sh
ow
n
on
Ta
bl
es
8—
1
an
d
8-
2,
re
sp
ec
ti
ve
ly
,
in
di
ca
te
s
th
e
fo
ll
ow
in
g
co
nc
lu
si
on
s.
Al
te
rn
at
iv
e
N3
is
th
e
on
ly
al
te
rn
at
iv
e
of
fe
ri
ng
a
ne
t
in
cr
ea
se
in
La
ke
Er
ie
ou
tf
lo
w
in
ex
ce
ss
of
16
,0
00
cf
s
at
a
co
st
ra
ng
in
g
be
tw
ee
n
$9
3
an
d
$1
30
mi
ll
io
n.
Al
te
rn
at
iv
es
$1
an
d
82
ar
e
ve
ry
cl
os
e
in
di
sc
ha
rg
e
ca
pa
ci
-
ti
es
an
d
to
ta
l
co
st
s,
ra
ng
in
g
be
tw
ee
n
$1
1
an
d
$3
2
mi
ll
io
n.
Al
te
rn
at
iv
e
S3
,
ra
ng
in
g
be
tw
ee
n
$1
0
an
d
$2
6,
ap
pe
ar
s
fa
vo
ra
bl
e
fo
r
ne
t
in
cr
ea
se
s
be
lo
w
5,
00
0
cf
s.
Al
te
rn
at
iv
e
L1
ap
pe
ar
s
fa
vo
ra
bl
e
fo
r
ne
t
in
cr
ea
se
s
up
to
9,
00
0
cf
s
ma
xi
mu
m
wi
th
to
ta
l
co
st
s
ra
ng
in
g
be
tw
ee
n
$1
0
an
d
$1
3
mi
ll
io
n.
A
co
mp
os
it
e
di
sc
ha
rg
e
ca
pa
ci
ty
cu
rv
e,
Fi
gu
re8
-11
,
sh
ows
an
ar
ra
y
of
op
ti
mu
m
al
te
rn
at
iv
es
an
d
th
ei
r
po
ss
ib
le
net
in
cr
ea
se
s
in
La
ke
Er
ie
ou
tf
lo
w
fo
r
the
ra
ng
e
of
La
ke
Eri
e
des
ign
dis
cha
rge
s
und
er
con
sid
era
tio
n.
A c
omp
osi
te
cos
t
cur
ve,
Fig
ure
8-
12
,
sh
ow
s
th
e
op
ti
mu
m
fi
rs
t
co
st
s
fo
r
th
re
e
La
ke
Er
ie
de
si
gn
di
sc
ha
rg
es
and
a
ran
ge
of
net
inc
rea
ses
in
Lak
e
Eri
e
out
flo
w.
Ann
ual
Cos
ts:
Ann
ual
cos
ts,
com
pri
sed
of
fin
anc
ial
cos
ts
and
ope
rat
ion
and
mai
nte
nan
ce
cos
ts,
are
sum
mar
ize
d
in
Tab
le
8-3
for
eac
h
of
the
stu
dy
alt
ern
ati
ves
.
The
tot
al
ave
rag
e
ann
ual
cos
ts
are
als
o
tab
ula
ted
in
Tab
le
B-2
alo
ng
wit
h
inc
rea
sed
dis
cha
rge
cap
aci
tie
s
for
rea
dy
com
par
iso
n.
The
fol
low
ing
par
agr
aph
s
dis
cus
s
the
se
ann
ual
cos
ts
in
fur
the
r
det
ail
.
Ann
ual
fin
anc
ial
cos
ts
wer
e e
sti
mat
ed
bas
ed
on
an
int
ere
st
rat
e o
f 8
-1/
2
per
cen
t,
an
eco
nom
ic
pro
jec
t
lif
e
ass
ume
d
as
50
yea
rs,
and
a c
ons
tru
cti
on
per
iod
ass
ume
d
as
thr
ee
yea
rs
for
Alt
ern
ati
ves
$1,
$2,
and
S3,
and
fou
r y
ear
s
for
Alt
ern
ati
ves
L1
and
N3.
Int
ere
st
dur
ing
con
str
uct
ion
was
com
put
ed
at
a
rat
e
of
8-1
/2
per
cen
t
for
hal
f t
he
con
str
uct
ion
per
iod
and
add
ed
to
the
pro
-
jec
t f
irs
t c
ost
s t
o d
ete
rmi
ne
the
tot
al
inv
est
men
t c
ost
.
Dam
age
s a
sso
cia
ted
wit
h
rea
l
est
ate
acq
uis
iti
on
for
Alt
ern
ati
ves
$1
and
52
wer
e d
ist
rib
ute
d
in
10
equ
al
pay
men
ts
ove
r t
he
ass
ume
d
10-
yea
r l
ife
of
the
aff
ect
ed
Squ
aw
Isl
and
dis
pos
al
are
a.
The
res
ult
ant
ann
ual
dam
age
s w
ere
con
ver
ted
to
net
pre
sen
t
wor
th
and
sub
sti
tut
ed
for
the
tot
al
dam
age
s
pre
vio
usl
y i
ncl
ude
d
in
the
fir
st
cos
ts
sho
wn
in
Tab
le
8-2
.
Fin
anc
ial
cos
t c
alc
ula
tio
ns
fOr
Alt
ern
ati
ves
$1
and
82
wer
e b
ase
d o
n t
hes
e r
evi
sed
and
red
uce
d f
irs
t c
ost
s.
Int
ere
st
cha
rge
s
com
put
ed
at
8-1
/2
per
cen
t w
ere
add
ed
to
the
amo
rti
zat
ion
cos
ts
for
the
ass
ume
d
50-
yea
r e
con
omi
c
pro
jec
t l
ife
to
det
erm
ine
the
tot
al
ann
ual
fin
anc
ial
costs, summarized in Table B-3.
Ann
ual
ope
rat
ion
cos
ts
wer
e e
sti
mat
ed
bas
ed
on
a f
our
-ma
n o
per
ati
ng
staf
f.
Annu
al
main
tena
nce
cost
s we
re e
stim
ated
base
d on
a pe
rcen
tage
of
firs
t co
sts
excl
udin
g re
al e
stat
e co
sts
(lan
ds a
nd d
amag
es)
and
rock
exca
va-
tion
(Alt
erna
tive
N3 o
nly)
. T
his
assu
mes
that
the
deep
ened
chan
nel
in t
he
Niag
ara
Rive
r,
requ
ired
for
Alte
rnat
ive
N3,
will
be s
elf-
main
tain
ing
due
to
anti
cipa
ted
high
velo
citi
es.
Prov
isio
n of
a 0.
3 pe
rcen
t fa
ctor
is c
onsi
dere
d
ade
qua
te
for
the
con
dit
ion
s a
nd
mag
nit
ude
of
Alt
ern
ati
ve
N3.
Pro
vis
ion
of
a
0.5
perc
ent
fact
or
for
Alte
rnat
ives
$1,
52,
S3,
and
L1 w
as b
ased
on i
ndet
er-
mina
te c
ondi
tion
s al
ong
the
Blac
k Ro
ck C
anal
and
the
sign
ific
antl
y lo
wer
magnitude cost of these alternatives. The reduced first costs were
multiplied by the applicable maintenance percentage factor to determine the
total annual maintenance costs, summarized in Table 8-3.
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 Table B-3 — Niagara River Area Reguiatory Works
Summary of Annuai Costs
Annua) Costs (Miiiions of Doiiars)
 
Alternative Financiai Operation Maintgnance Togal
S1-30 1.06 0.11 0.05 1.22
51-75 1.71 0.11 0.08 1.90
81-110 2.63 0.11 0.12 2.86
52-30 1.01 0.11 0.05 1.17
52-75 1.76 0.11 0.08 1.95
52-110 2.93 0.11 0.13 3.17
53-90 (1 gate) 1.00 0.11 0.05 1.16
53-90 (2 gates) 1.67 0.11 0.09 1.87
53-90 (3 gates) 2.54 0.11 0.13 2.78
L1-30 Feet Open 1.04 0.10 0.05 1.19
L1-70 Feet Open 1.33 0.10 0.06 1.49
N3-75 (3 gates) 5.72 0.14 0.11 5.97
N3-7
5 (5
gate
s)
9.50
0.14
0.17
9.81
N3—75 (6 gates) 11.27 0.14 0.20 11.61
N3-
75
(7
gat
es)
13.
12
0.1
4
0.2
3
13.
49
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 Pre
sen
t
Wor
th:
Est
ima
tes
of
pre
sen
t w
ort
h
for
eac
h
of
the
stu
dy
alt
er—
na
ti
ve
s
ar
e
ta
bu
la
te
d
in
Ta
bl
e
B-
2.
Pr
es
en
t
wo
rt
h
wa
s
ca
lc
ul
at
ed
ba
se
d
on
a
50
-y
ea
r
ec
on
om
ic
pr
oj
ec
t
li
fe
an
d
th
e
in
ve
st
me
nt
co
st
s
di
sc
us
se
d
ab
ov
e
un
de
r
an
nu
al
fi
na
nc
ia
l
co
st
s.
Th
e
ne
t
pr
es
en
t
wo
rt
h
of
th
e
an
nu
al
op
er
at
io
n
an
d
ma
in
te
na
nc
e
co
st
s
was
ad
de
d
to
the
in
ve
st
me
nt
cos
t
to
de
te
rm
in
e
th
e
tot
al
pr
es
en
t
wo
rt
h
of
ea
ch
al
te
rn
at
iv
e.
2.6 Regulatory Works Alternatives
As
sta
ted
in
Sec
tio
n
2.3
,
pre
lim
ina
ry
stu
die
s
wer
e
und
ert
ake
n
for
fiv
e
out
of
se
ven
po
ss
ib
le
st
ru
ct
ur
al
al
te
rn
at
iv
es
.
Th
e
fo
ll
ow
in
g
is
a
su
mm
ar
y
of
th
e
re
gu
la
to
ry
wo
rk
s
and
re
me
di
al
me
as
ur
es
th
at
wo
ul
d
be
re
qu
ir
ed
to
im
pl
e-
me
nt
ea
ch
of
th
es
e
fi
ve
al
te
rn
at
iv
es
.
Di
sc
ha
rg
e
ca
pa
ci
ti
es
of
ea
ch
al
te
r-
na
ti
ve
are
li
st
ed
fo
r
the
cr
it
ic
al
La
ke
Eri
e
de
si
gn
di
sc
ha
rg
e
of
20
0,
00
0
cubic feet per second.
2.6.1 Alternative N3
Alt
ern
ati
ve
N3
wou
ld
req
uir
e
con
str
uct
ion
of
a m
ult
i—g
ate
d
con
tro
l
str
uct
ure
in
the
Nia
gar
a
Riv
er
and
dre
dgi
ng
wit
hin
the
riv
er
in
the
vic
ini
ty
of
the
Pea
ce
Bri
dge
.
In
add
iti
on,
sho
re
pro
tec
tio
n a
lon
g t
he
Can
adi
an
sho
re-
lin
e w
oul
d b
e r
equ
ire
d
at
cri
tic
al
loc
ati
ons
ups
tre
am
of
the
con
tro
l
str
uc-
tur
e t
o m
iti
gat
e
adv
ers
e
imp
act
s d
ue
to
inc
rea
sed
wat
er
sur
fac
e e
lev
ati
ons
whi
ch
cou
ld
occ
ur
in
thi
s a
rea
dur
ing
sto
rm
sur
ges
(se
e S
ect
ion
2.5
.7)
.
Fou
r
var
iat
ion
s o
f s
tru
ctu
re
size
and
dre
dgi
ng
lim
its
wer
e s
tud
ied
to
dev
elo
p a
dis
cha
rge
cap
aci
ty
ver
sus
fir
st
cos
t c
urv
e t
o a
cco
mmo
dat
e a
ran
ge
of
reg
ula
-
tion plans.
The
con
tro
l s
tru
ctu
re
wou
ld
be
loc
ate
d a
dja
cen
t t
o t
he
Bir
d I
sla
nd
pie
r
and
app
rox
ima
tel
y 3
00
fee
t d
own
str
eam
fro
m t
he
exi
sti
ng
Pea
ce
Bri
dge
.
The
str
uct
ure
wou
ld
ext
end
bet
wee
n 4
00
fee
t a
nd
750
fee
t i
nto
the
riv
er
and
wou
ld
cont
ain
thre
e to
seve
n r
emot
e—co
ntro
lled
subm
ersi
ble
tain
ter
gate
s, 7
5 fe
et
wide
by 4
0 fe
et h
igh.
The
enti
re s
truc
ture
woul
d be
equi
pped
for
year
—rou
nd
Ope
rat
ion
.
Con
str
uct
ion
of
the
str
uct
ure
wou
ld
req
uir
e e
xte
nsi
ve
cof
fer
dam
s
and
woul
d be
hamp
ered
by t
he l
ack
of a
dequ
ate
land
acce
ss.
The
Peac
e Br
idge
area
of t
he r
iver
prov
ides
subs
tant
ial
natu
ral
regu
lati
on
due
to i
ts e
xist
ing
rest
rict
ed d
imen
sion
s.
Exte
nsiv
e co
mpen
sato
ry d
redg
ing,
adja
cent
to t
he B
ird
Isla
nd p
ier,
woul
d ex
tend
from
1,00
0 fe
et
upst
ream
of t
he P
eace
Brid
ge t
o
bet
wee
n 2
,30
0 f
eet
and
2,3
70
fee
t d
own
str
eam
and
wou
ld
var
y i
n w
idt
h f
rom
325
feet
to 8
75 f
eet.
Dred
ging
woul
d i
nvol
ve p
rinc
ipal
ly r
ock
exca
vati
on,
up
to
17
fee
t i
n d
ept
h.
The
exi
sti
ng
sho
re
pro
tec
tio
n a
lon
g t
he
Can
adi
an
sho
rel
ine
wou
ld
be
rai
sed
fro
m 1
to
3 f
eet
for
a d
ist
anc
e o
f 8
,00
0 f
eet
ups
tre
am
fro
m
the
prop
osed
cont
rol
stru
ctur
e.
Desc
ript
ive
plan
s of
the
four
alte
rnat
ive
N3
variations and a longitudinal section through the control structure are shown
on Figures B—13 through B-17, respectively.
Although location of the N3 control structure on the Fort Erie side of
the river could satisfy hydraulic requirements of limited regulation of Lake
Erie
, th
e st
ruct
ure
was
loca
ted
on t
he U
.S.
shor
e ad
jace
nt t
o th
e Bi
rd I
slan
d
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e
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de
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e
ri
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ns
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er
ed
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be
en
vi
ro
nm
en
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ll
y
le
ss
de
si
ra
bl
e
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to
th
e
re
su
lt
an
t
di
st
ur
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nc
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of
th
e
fi
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y
al
on
g
th
e
Ca
na
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sh
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an
d
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rk
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mm
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at
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Th
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e
to
28
,6
00
cu
bi
c
fe
et
pe
r
se
co
nd
fo
r
a
se
ve
n
ga
te
st
ru
ct
ur
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c
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warn vessels that the canal may become dangerous during the operation of the
control structure. A highway bridge would be constructed across the diver-
sion channel to maintain public access to the downstream end of the island.
Descriptive plans of the three Alternative 51 variations, a longitudinal sec-
tion through the control structure and cross sections of the diversion
channel, are shown on Figures B—20 through 8—24, respectively.
The maximum increased discharge capacity of Alternative 51 without Black
Rock Canal operating constraints varies from 6,800 cubic feet per second for
a 30—foot gate structure to 19,200 cubic feet per second for a 110-foot gate
structure. Utilization of the canal for diversion flows would require capa-
city reductions based on the operating plan shown on Figure 8-9. The
corr
espo
ndin
g r
educ
ed c
apac
itie
s fo
r Al
tern
ativ
e 51
woul
d v
ary
from
4,25
0
to 12,000 cubic feet per second. The first costs of the control structure,
dive
rsio
n ch
anne
l, a
nd a
ppur
tena
nt w
orks
woul
d ra
nge
from
appr
oxim
atel
y $1
1.6
to $28.4 million. A discharge capacity versus first cost curve for
Alte
rnat
ive
51 i
s s
hown
on F
igur
e 8—
25 f
or a
Lake
Erie
desi
gn d
isch
arge
of
200,000 cubic feet per second. Corresponding annual costs, after adjustments
for
fina
nce,
oper
atio
n,
and
main
tena
nce
cost
s, a
re e
stim
ated
to r
ange
from
$1.2
to $
2.9
mill
ion.
Figu
re 8
-26
show
s a
firs
t co
st v
ersu
s an
nual
cost
cur
ve
for
Alt
ern
ati
ve
51.
Dis
cha
rge
cap
aci
tie
s a
nd
a co
st
sum
mar
y,
inc
lud
ing
firs
t co
sts,
annu
al
cost
s,
and
pres
ent
wort
h, a
re s
hown
on T
able
8-2.
2.6.3 Alternative 52
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oul
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a c
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ol
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and
div
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ion
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nne
l
acr
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dow
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m e
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of
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Isl
and
alo
ng
an
ali
gn-
men
t
par
all
el
and
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ace
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to
the
exi
sti
ng
Bla
ck
Roc
k
Loc
k.
In
add
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k
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wou
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Roc
k
Ca
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ne
ce
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e
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fir
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ra
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at
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Th
e
co
nt
ro
l
st
ru
ct
ur
e
wo
ul
d
be
lo
ca
te
d
wi
th
in
th
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at
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,
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h
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se
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ns
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e
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e
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Fi
gu
re
s
B-
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through B-31, respectively.
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2.6.4 Alternative 53
Alternative S3 would require construction of a control structure at the
upstream end of Squaw Island along the alignment of the Bird Island Pier. In
addition, bank protection would be required at critical locations along the
Black Rock Canal, as necessary. A discharge capacity versus first cost curve
was developed for a range of regulation plans based on three variations of
control structure size.
The control structure would replace a section of the existing Bird
Island Pier immediately adjacent to the upstream end of Squaw Island. The
structure would contain one to three remote-controlled submersible tainter
gates, 23 feet high by 90 feet wide. The entire structure would be equipped
for year-round operation. The number of control gates would vary to accom-
modate different regulation plans. Construction of the structure would
require extensive cofferdams to be located in both the Black Rock Canal and
the Niagara River. An enclosed foot bridge would be provided at the control
structure to maintain public access to the Bird Island Pier. Bank protection
along the Black Rock Canal would be provided upstream of the control struc-
ture in high velocity reaches dependent upon the stability of the existing
sideslopes and/or structures. A traffic control system for commercial navi-
gation would be provided similar to the Alternative 81 facilities. In
addition, movable floating log booms would be utilized in the canal to pre-
vent recreational navigation from entering dangerous waters around the
control structure during periods of diversion flows. Descriptive plans of
the three Alternative S3 variations and a longitudinal section through the
control structure are shown on Figures B-34 through B-37, respectively.
The maximum increased discharge capacity of Alternative S3 without Black
Rock Canal operating constraints varies from 6,200 cubic feet per second fOr
a one-gate structure to 15,300 cubic feet per second for a three-gate
structure. Capacity reductions, similar to Alternative SI, would be required
and based on the operating plan shown on Figure 8-9. The corresponding
reduced capacities for Alternative 53 would vary from 3,870 to 9,560 cubic
feet per second. The first cost of the control structure and appurtenant
works would range from approximately $10.2 to $26.1 million. A discharge
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 capacity versus first cost curve for Alternative 53 is shown on Figure B-38
for a Lake Erie design discharge of 200,000 cubic feet per second.
Corresponding annual costs, after adjustments for finance, operation and
maintenance costs, are estimated to range from $1.2 to $2.8 million. Figure
B-39 shows a first cost versus annual cost curve for Alternative S3.
Discharge capacities and a cost summary, including first costs, annual costs,
and present worth are shown in Table B-2.
2.6.5 Alternative L1
Alternative L1 would require modification of the existing Black Rock
Lock by the addition of a control structure, consisting of a pair of sector
gates. In addition, bank protection would be required at critical locations
along the Black Rock Canal, as necessary. Since dimensional modification of
the lock chamber is not permissible, the maximum discharge capacity of this
alternative is limited. Two variations of gate operation were studied to
develop a discharge capacity versus first cost curve to accommodate a range
of regulation plans.
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a
n
2
5
N
a
r
e
d
i
s
c
u
s
s
e
d
in
S
e
c
t
i
o
n
2
.
6
.
1
.
F
i
g
u
r
e
8
-
1
5
in
S
e
c
t
i
o
n
2
.
6
.
1
s
h
o
w
s
t
h
e
l
o
c
a
t
i
o
n
o
f
t
h
e
p
r
o
p
o
s
e
d
c
o
n
t
r
o
l
s
t
r
u
c
t
u
r
e
a
n
d
t
h
e
l
i
m
i
t
s
o
f
c
o
m
p
e
n
s
a
t
o
r
y
d
r
e
d
g
i
n
g
.
F
i
g
u
r
e
8
-
1
7
s
h
o
w
s
a
l
o
n
g
i
t
u
d
i
n
a
l
c
r
o
s
s
s
e
c
t
i
o
n
t
h
r
o
u
g
h
t
h
e
c
o
n
t
r
o
l
s
t
r
u
c
t
u
r
e
.
T
h
e
t
o
t
a
l
f
i
r
s
t
c
o
s
t
o
f
t
h
i
s
c
o
n
t
r
o
l
s
t
r
u
c
t
u
r
e
,
c
o
m
p
e
n
s
a
t
o
r
y
d
r
e
d
g
i
n
g
a
n
d
a
p
p
u
r
t
e
n
a
n
t
w
o
r
k
s
,
b
a
s
e
d
on
J
u
l
y
1
9
7
9
p
r
i
c
e
l
e
v
e
l
s
is
a
p
p
r
o
x
i
m
a
t
e
l
y
$
1
1
1
.
4
m
i
l
l
i
o
n
.
T
h
e
c
o
r
r
e
s
p
o
n
d
i
n
g
an
nu
al
co
st
,
af
te
r
ad
ju
st
me
nt
s
fo
r
fi
na
nc
e,
o
p
e
r
a
t
i
o
n
an
d
ma
in
-
t
e
n
a
n
c
e
c
o
s
t
s
,
is
e
s
t
i
m
a
t
e
d
to
be
$
1
1
.
6
m
i
l
l
i
o
n
.
T
a
b
l
e
8-
4
s
h
o
w
s
a
t
i
m
e
pr
o—
fi
le
of
al
l
un
d
i
s
c
o
un
t
e
d
an
d
d
i
s
c
o
un
t
e
d
pr
oj
ec
t
co
st
s
in
ea
ch
ye
a
r
of
o
c
c
u
r
r
e
n
c
e
o
v
e
r
t
h
e
a
s
s
u
m
e
d
5
0
-
y
e
a
r
e
c
o
n
o
m
i
c
p
r
o
j
e
c
t
l
i
f
e
.
T
h
e
p
r
e
s
e
n
t
w
o
r
t
h
o
f
al
l
p
r
o
j
e
c
t
c
o
s
t
s
is
a
p
p
r
o
x
i
m
a
t
e
l
y
$
1
3
4
.
3
m
i
l
l
i
o
n
.
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 Table
B-4
~
Regulation
Plan
25N
-
Project
Cost
Time
Profile
J
.
:
U
n
d
i
s
c
o
u
n
t
e
d
:
D
i
s
c
o
u
n
t
e
d
_~_
Item
:
Year
:
Project
Costl/
:
Project
Costl/
:
:
$
:
$
'_—
Investment
Cost
:
:
130,331,000
:
130,331,000
Operation
and
Maintenance
Cost;
1
2
339,000
;
312,442
287,965
265,406
1
:
:
244,614
Operation
and
Maintenance
Cost:
5
:
339,000
:
225,450
I ' ' 207,788
191,510
176,507
:
:
:
162,679
Operation
and
Maintenance
Cost:
10
:
339,000
:
149,935
2 ‘ ‘ 138,189
127,363
117,385
:
:
:
108,189
Operation
and
Maintenance
Cost:
15
:
339,000
:
99,713
I : - 91,902
84,702
78,066
:
:
:
71,951
Operation
and
Maintenance
Cost:
20
:
339,000
:
66,314
:
:
'
61,119
56,331
51,918
: : : 47,850
g
Operation and Maintenance Cost:
25
:
339,000
:
44,102
i
:
:
:
40,647
i
:
:
:
37,463
i
:
:
:
34,528
'
:
:
:
31,823
1
Operation and Maintenance Cost:
30
:
339,000
:
29,330
i
:
:
:
27,032
i : : : 24,914
i
:
:
:
22,962
: : : 21,164
Operation and Maintenance Cost: 35 : 339,000 : 19,396
16,569
15,271
: : : 14,075
Operation and Maintenance Cost: 40 : 339,000 : 12,972
: : : 11,956 ‘
11,014 ‘4
10,156 i
; ; : 9,360 fg
Operation and Maintenance Cost: 45
:
339,000
3
§,ggz
‘;
' 7,328 3;
6,754 :3
6,225
Operation
and
Maintenance
Cost;
50
2
339,000
1
T31_23%2;§]
i5
Present
Worth
:
3
f
’
’
6
:r
  
1/ Cost estimates are based on July 1979 price levels, 50-year economic
project
life
and
an
8-1/2
percent
interest
rate.
1%
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if
 
 2
.
7
.
2
R
e
g
u
l
a
t
i
o
n
P
l
a
n
1
5
3
P
l
a
n
1
5
5
a
d
d
r
e
s
s
e
s
a
m
i
d
-
r
a
n
g
e
r
e
g
u
l
a
t
i
o
n
p
l
a
n
t
h
a
t
w
o
u
l
d
p
r
o
v
i
d
e
a
n
a
p
p
r
o
x
i
m
a
t
e
i
n
c
r
e
a
s
e
i
n
L
a
k
e
E
r
i
e
d
e
s
i
g
n
o
u
t
f
l
o
w
o
f
1
5
,
0
0
0
c
u
b
i
c
f
e
e
t
p
e
r
s
e
c
o
n
d
.
A
l
l
f
i
v
e
s
t
r
u
c
t
u
r
a
l
a
l
t
e
r
n
a
t
i
v
e
s
,
u
n
d
e
r
s
t
u
d
y
,
c
o
u
l
d
p
r
o
v
i
d
e
m
i
d
-
r
a
n
g
e
i
n
c
r
e
a
s
e
s
i
n
l
a
k
e
o
u
t
f
l
o
w
.
A
l
t
e
r
n
a
t
i
v
e
s
N
3
a
n
d
S
3
w
e
r
e
e
l
i
m
i
n
a
t
e
d
f
o
r
e
c
o
n
o
m
i
c
r
e
a
s
o
n
s
.
L
e
a
s
t
c
o
s
t
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
P
l
a
n
1
5
5
c
o
u
l
d
b
e
a
c
h
i
e
v
e
d
w
i
t
h
e
i
t
h
e
r
a
l
t
e
r
n
a
t
i
v
e
s
L
1
o
r
5
1
.
H
o
w
e
v
e
r
,
e
n
g
i
n
e
e
r
i
n
g
f
e
a
s
i
b
i
l
i
t
y
a
n
d
f
u
t
u
r
e
e
n
v
i
r
o
n
m
e
n
t
a
l
a
n
d
s
o
c
i
a
l
c
o
n
c
e
r
n
s
r
e
q
u
i
r
e
s
e
l
e
c
t
i
o
n
o
f
A
l
t
e
r
n
a
t
i
v
e
5
2
.
T
h
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
P
l
a
n
1
5
8
w
o
u
l
d
b
e
s
t
b
e
a
c
h
i
e
v
e
d
w
i
t
h
a
7
5
-
f
o
o
t
w
i
d
e
g
a
t
e
v
a
r
i
a
t
i
o
n
o
f
a
l
t
e
r
n
a
t
i
v
e
5
2
.
T
h
i
s
v
a
r
i
a
t
i
o
n
w
o
u
l
d
p
r
o
v
i
d
e
a
n
i
n
c
r
e
a
s
e
i
n
L
a
k
e
E
r
i
e
d
e
s
i
g
n
o
u
t
f
l
o
w
o
f
1
5
,
4
0
0
c
u
b
i
c
f
e
e
t
p
e
r
s
e
c
o
n
d
.
O
p
e
r
a
t
i
o
n
a
l
c
o
n
s
t
r
a
i
n
t
s
i
n
t
h
e
B
l
a
c
k
R
o
c
k
C
a
n
a
l
w
o
u
l
d
r
e
d
u
c
e
t
h
e
d
e
s
i
g
n
o
u
t
f
l
o
w
t
o
a
n
e
t
i
n
c
r
e
a
s
e
i
n
l
a
k
e
o
u
t
f
l
o
w
o
f
9
,
6
2
0
c
u
b
i
c
f
e
e
t
p
e
r
s
e
c
o
n
d
.
T
h
e
l
o
c
a
t
i
o
n
o
f
a
l
t
e
r
n
a
t
i
v
e
3
2
a
n
d
t
h
e
r
e
g
u
l
a
t
o
r
y
w
o
r
k
s
a
n
d
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
r
e
q
u
i
r
e
d
t
o
i
m
p
l
e
m
e
n
t
P
l
a
n
1
5
5
a
r
e
d
i
s
c
u
s
s
e
d
i
n
S
e
c
t
i
o
n
2
.
6
.
3
.
F
i
g
u
r
e
8
-
2
8
s
h
o
w
s
t
h
e
l
o
c
a
t
i
o
n
o
f
t
h
e
p
r
o
p
o
s
e
d
c
o
n
t
r
o
l
s
t
r
u
c
t
u
r
e
a
n
d
d
i
v
e
r
-
s
i
o
n
c
h
a
n
n
e
l
.
A
l
o
n
g
i
t
u
d
i
n
a
l
c
r
o
s
s
s
e
c
t
i
o
n
t
h
r
o
u
g
h
t
h
e
c
o
n
t
r
o
l
s
t
r
u
c
t
u
r
e
a
n
d
t
r
a
n
s
v
e
r
s
e
c
r
o
s
s
s
e
c
t
i
o
n
s
t
h
r
o
u
g
h
t
h
e
d
i
v
e
r
s
i
o
n
c
h
a
n
n
e
l
a
r
e
s
h
o
w
n
o
n
F
i
g
u
r
e
s
8
-
3
0
a
n
d
8
-
3
1
,
r
e
s
p
e
c
t
i
v
e
l
y
.
T
h
e
t
o
t
a
l
f
i
r
s
t
c
o
s
t
o
f
t
h
i
s
c
o
n
t
r
o
l
s
t
r
u
c
t
u
r
e
,
d
i
v
e
r
s
i
o
n
c
h
a
n
n
e
l
a
n
d
a
p
p
u
r
t
e
n
a
n
t
w
o
r
k
s
,
b
a
s
e
d
o
n
J
u
l
y
1
9
7
9
p
r
i
c
e
l
e
v
e
l
s
,
i
s
a
p
p
r
o
x
i
m
a
t
e
l
y
$
1
9
.
6
m
i
l
l
i
o
n
.
T
h
e
c
o
r
r
e
s
p
o
n
d
i
n
g
a
n
n
u
a
l
c
o
s
t
,
a
f
t
e
r
a
d
j
u
s
t
-
m
e
n
t
s
f
o
r
f
i
n
a
n
c
e
,
o
p
e
r
a
t
i
o
n
a
n
d
m
a
i
n
t
e
n
a
n
c
e
c
o
s
t
s
,
i
s
e
s
t
i
m
a
t
e
d
t
o
b
e
$
2
.
0
m
i
l
l
i
o
n
.
T
a
b
l
e
8
-
5
s
h
o
w
s
a
t
i
m
e
p
r
o
f
i
l
e
o
f
a
l
l
u
n
d
i
s
c
o
u
n
t
e
d
a
n
d
d
i
s
c
o
u
n
t
e
d
p
r
o
j
e
c
t
c
o
s
t
s
i
n
e
a
c
h
y
e
a
r
o
f
o
c
c
u
r
r
e
n
c
e
o
v
e
r
t
h
e
a
s
s
u
m
e
d
5
0
-
y
e
a
r
e
c
o
n
o
m
i
c
p
r
o
j
e
c
t
l
i
f
e
.
T
h
e
p
r
e
s
e
n
t
w
o
r
t
h
o
f
a
l
l
p
r
o
j
e
c
t
c
o
s
t
s
i
s
a
p
p
r
o
x
i
m
a
t
e
l
y
$
2
2
.
5
mi lion.
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 T
a
b
1
e
B
—
S
—
R
e
g
u
1
a
t
i
o
n
P
I
a
n
1
5
3
-
P
r
o
j
e
c
t
C
o
s
t
T
i
m
e
P
r
o
f
i
l
e
Item
I
n
v
e
s
t
m
e
n
t
C
o
s
t
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
Operation and
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
 
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
Present Worth
Cost;
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
;
Cost;
Cost;
Cost;
Cost;
Cast}
Cast}
Cost}
Cost;
Cost:
: Year
10
15
20
25
30
35
4O
45
50
U
n
d
i
s
c
o
u
n
t
e
d
P
r
o
j
e
c
t
C
o
s
t
l
/
$
20,416,000
182,000
182,000
182,000
182,000
182,000
182,000
182,000
182,000
182,000
182,000
182,000
Discounted
P
r
o
j
e
c
t
C
o
s
t
l
/
$ __
20,416,000
167,742
154,601
142,489
131,327
121,038
111,556
102,817
94,762
87,338
80,496
74,190
68,378
63,021
58,084
53,533
49,340
45,474
41,912
38,628
35,602
32,813
30,242
27,873
25,690
23,677
21,822
20,113
18,537
17,085
15,746
14,513
13,376
12,328
11,362
10,472
9,652
8,896
8,199
7,556
6,964
6,419
5,916
5,452
5,025
4,632
4,269
3,934
3,626
3,342
3,080
9 9
nil-I-—____‘,
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l
/
C
o
s
t
e
s
t
i
m
a
t
e
s
a
r
e
b
a
s
e
d
on
J
u
l
y
1
9
7
9
p
r
i
c
e
l
e
ve
l
s
,
5
0
-
y
e
a
r
e
c
o
n
o
m
i
c
P
r
o
j
e
c
t
l
i
f
e
a
n
d
a
n
8
-
1
/
2
p
e
r
c
e
n
t
i
n
t
e
r
e
s
t
r
a
t
e
.
  
 2.7.3 Regulation Plan 6L
Pl
an
6L
ad
dr
es
se
s
a
lo
w—
ra
ng
e
re
gu
la
ti
on
pl
an
th
at
wo
ul
d
pr
ov
id
e
an
ap
pr
ox
im
at
e
in
cr
ea
se
in
La
ke
Er
ie
de
si
gn
ou
tf
lo
w
of
6,
00
0
cu
bi
c
fe
et
pe
r
se
co
nd
.
Al
l
fi
ve
st
ru
ct
ur
al
al
te
rn
at
iv
es
un
de
r
st
ud
y
co
ul
d
pr
ov
id
e
lo
w-
ra
ng
e
in
cr
ea
se
s
in
la
ke
ou
tf
lo
w.
Al
te
rn
at
iv
es
N3
,
51
,
an
d
82
we
re
el
im
in
at
ed
fo
r
ec
on
om
ic
re
as
on
s.
Le
as
t
co
st
im
pl
em
en
ta
ti
on
of
Pl
an
6L
co
ul
d
be
ac
hi
ev
ed
wi
th
al
te
rn
at
iv
e
S3
.
Ho
we
ve
r,
en
gi
ne
er
in
g
fe
as
ib
il
it
y
an
d
fu
tu
re
so
ci
al
co
n-
ce
rn
s
re
qu
ir
e
se
le
ct
io
n
of
al
te
rn
at
iv
e
L1
.
Th
e
im
pl
em
en
ta
ti
on
of
Pl
an
6L
wo
ul
d
be
st
be
ac
hi
ev
ed
wi
th
a
va
ri
at
io
n
of
al
te
rn
at
iv
e
L1
th
at
wo
ul
d
re
st
ri
ct
th
e
op
er
at
io
n
of
th
e
co
nt
ro
l
ga
te
to
a
30
-f
oo
t
op
en
po
si
ti
on
.
Th
is
va
ri
at
io
n
wo
ul
d
pr
ov
id
e
an
in
cr
ea
se
in
La
ke
Er
ie
de
si
gn
ou
tf
lo
w
of
6,
80
0
cu
bi
c
fe
et
pe
r
se
co
nd
.
Op
er
at
io
na
l
co
ns
tr
ai
nt
s
in
th
e
Bl
ac
k
Ro
ck
Ca
na
l
wo
ul
d
re
du
ce
th
e
de
si
gn
ou
tf
lo
w
to
a
ne
t
in
cr
ea
se
in
la
ke
ou
tf
lo
w
of
3,
68
0
cu
bi
c
fe
et
pe
r
second.
Th
e
lo
ca
ti
on
of
al
te
rn
at
iv
e
L1
an
d
th
e
re
gu
la
to
ry
wo
rk
s
an
d
re
me
di
al
me
as
ur
es
re
qu
ir
ed
to
im
pl
em
en
t
Pl
an
6L
ar
e
di
sc
us
se
d
in
Se
ct
io
n
2.
6.
5.
Fi
gu
re
8-
40
sh
ow
s
th
e
lo
ca
ti
on
of
the
pr
op
os
ed
con
tro
l
st
ru
ct
ur
e.
A
tr
an
s-
ve
rs
e
cr
os
s
se
ct
io
n
th
ro
ug
h
the
co
nt
ro
l
st
ru
ct
ur
e
is
sh
own
in
Fi
gu
re
8-4
1.
The
tot
al
fir
st
cos
t o
f t
his
con
tro
l
str
uct
ure
and
app
urt
ena
nt
wor
ks,
bas
ed
on
Ju
ly
19
79
pr
ic
e
le
ve
ls
,
is
ap
pr
ox
im
at
el
y
$1
0.
3
mi
ll
io
n.
Th
e
co
rr
es
po
nd
in
g
ann
ual
cos
t,
aft
er
adj
ust
men
ts
for
fin
anc
e,
ope
rat
ion
and
mai
nte
nan
ce
cos
ts,
is
est
ima
ted
to
be
$1.
2
mil
lio
n.
Tab
le
8-6
sho
ws
a t
ime
pro
fil
e
of
all
und
isc
oun
ted
and
dis
cou
nte
d
pro
jec
t
cos
ts
in
eac
h y
ear
of
occ
urr
enc
e
ove
r
the
ass
ume
d
50-
yea
r
eco
nom
ic
pro
jec
t
lif
e.
The
pre
sen
t
wor
th
of
all
pro
jec
t
costs is approximately $13.8 million.
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 T
a
b
l
e
0
-
6
-
R
e
g
u
l
a
t
i
o
n
P
l
a
n
6
L
-
P
r
o
j
e
c
t
C
o
s
t
T
i
m
e
P
r
o
f
i
l
e
Operation
Operation
Operation
Operation
Operation
 
Operation
Operation
Operation
Operation
O
p
e
r
a
t
i
o
n
i
_
/
C
o
s
t
e
s
t
i
m
a
t
e
s
a
r
e
b
a
s
e
d
o
n
J
u
l
y
1
9
7
9
p
r
i
c
e
l
e
v
e
l
s
,
5
0
Item
I
n
v
e
s
t
m
e
n
t
C
o
s
t
a
n
d
M
a
i
n
t
e
n
a
n
c
e
a
n
d
M
a
i
n
t
e
n
a
n
c
e
a
n
d
M
a
i
n
t
e
n
a
n
c
e
a
n
d
M
a
i
n
t
e
n
a
n
c
e
a
n
d
M
a
i
n
t
e
n
a
n
c
e
a
n
d
M
a
i
n
t
e
n
a
n
c
e
a
n
d
M
a
i
n
t
e
n
a
n
c
e
a
n
d
M
a
i
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t
e
n
a
n
c
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and Maintenance
and Maintenance
Cost:
Cost;
Cost;
Cost;
Cost;
Cost;
Cost;
Cost;
Cost;
Cost;
O
p
e
r
a
t
i
o
n
a
n
d
M
a
i
n
t
e
n
a
n
c
e
C
o
s
t
:
P
r
e
s
e
n
t
W
o
r
t
h
'
: Year
10
15
20
25
30
35
40
45
50
 
‘
:
U
n
a
i
s
c
o
u
n
t
e
d
$
12,066,000
150,000
150,000
150,000
150,000
150,000
150,000
150,000
150,000
150,000
150,000
150,000
p
r
o
j
e
c
t
l
i
f
e
a
n
d
a
n
8
-
1
/
2
p
e
r
c
e
n
t
i
n
t
e
r
e
s
t
r
a
t
e
.
n
i
g
—
*
5
5
‘
7
5
P
r
o
j
e
c
t
C
o
s
t
l
/
Discounted
P
r
o
j
e
c
t
C
o
s
t
l
/
$ __
12,066,000
138,249
127,418
117,436
108,236
99,757
91,942
84,739
78,100
71,982
66,343
61,145
56,355
51,940
47,871
44,121
40,665
37,479
34,543
31,837
29,342
27,044
24,925
22,972
21,173
19,514
17,985
16,576
15,278
14,081
12,978
11,961
11,024
10,160
9,364
8,631
7,955
7,331
6,757
6,228
5,740
5,290
4,876
4,494
4,142
3,817
3,518
3,243
2,989
2,754
2 539
13,800f839
-year economic
  
 2
.
8
I
m
p
a
c
t
s
o
n
S
t
.
L
a
w
r
e
n
c
e
S
y
s
t
e
m
L
i
m
i
t
e
d
r
e
g
u
l
a
t
i
o
n
o
f
L
a
k
e
E
r
i
e
w
o
u
l
d
i
n
v
o
l
v
e
i
n
c
r
e
a
s
i
n
g
i
t
s
o
u
t
f
l
o
w
d
u
r
i
n
g
p
e
r
i
o
d
s
o
f
a
b
o
v
e
-
a
v
e
r
a
g
e
w
a
t
e
r
s
u
p
p
l
y
c
o
n
d
i
t
i
o
n
s
o
n
t
h
e
u
p
p
e
r
G
r
e
a
t
L
a
k
e
s
;
i
.
e
.
,
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
L
a
k
e
s
M
i
c
h
i
g
a
n
-
H
u
r
o
n
.
I
t
w
o
u
l
d
c
h
a
n
g
e
t
h
e
s
e
q
u
e
n
c
e
a
n
d
m
a
g
n
i
t
u
d
e
o
f
s
u
p
p
l
i
e
s
t
o
L
a
k
e
O
n
t
a
r
i
o
.
T
h
e
S
t
.
L
a
w
r
e
n
c
e
S
e
a
w
a
y
a
n
d
P
o
w
e
r
P
r
o
j
e
c
t
w
a
s
c
o
m
p
l
e
t
e
d
i
n
t
h
e
1
9
5
0
'
s
i
n
s
u
c
h
a
w
a
y
t
h
a
t
i
t
w
o
u
l
d
a
c
c
o
m
m
o
d
a
t
e
t
h
e
h
i
g
h
e
s
t
s
u
p
p
l
y
k
n
o
w
n
u
p
t
o
t
h
a
t
t
i
m
e
(
1
8
6
0
-
1
9
5
4
)
.
H
o
w
e
v
e
r
,
r
e
c
o
r
d
h
i
g
h
s
u
p
p
l
i
e
s
t
o
L
a
k
e
O
n
t
a
r
i
o
w
e
r
e
r
e
c
e
i
v
e
d
i
n
t
h
e
e
a
r
l
y
1
9
7
0
'
s
.
W
i
t
h
t
h
e
a
d
d
i
t
i
o
n
o
f
L
a
k
e
E
r
i
e
r
e
g
u
l
a
t
i
o
n
,
c
o
n
d
i
t
i
o
n
s
o
n
L
a
k
e
O
n
t
a
r
i
o
a
n
d
d
o
w
n
s
t
r
e
a
m
w
o
u
l
d
b
e
e
x
p
e
c
t
e
d
t
o
w
o
r
s
e
n
,
u
n
l
e
s
s
p
r
o
v
i
s
i
o
n
s
w
e
r
e
m
a
d
e
t
o
m
o
d
i
f
y
t
h
e
r
e
g
u
l
a
t
i
o
n
p
r
o
c
e
d
u
r
e
o
f
L
a
k
e
O
n
t
a
r
i
o
a
n
d
t
o
i
n
c
r
e
a
s
e
t
h
e
d
i
s
c
h
a
r
g
e
c
a
p
a
-
c
i
t
y
o
f
t
h
e
S
t
.
L
a
w
r
e
n
c
e
R
i
v
e
r
.
T
h
e
t
y
p
e
s
o
f
m
o
d
i
f
i
c
a
t
i
o
n
s
m
a
d
e
t
o
L
a
k
e
O
n
t
a
r
i
o
R
e
g
u
l
a
t
i
o
n
P
l
a
n
1
9
5
8
-
0
a
r
e
d
e
s
c
r
i
b
e
d
i
n
d
e
t
a
i
l
i
n
S
e
c
t
i
o
n
4
.
6
o
f
t
h
e
M
a
i
n
R
e
p
o
r
t
a
n
d
A
p
p
e
n
d
i
x
A
,
L
a
k
e
R
e
g
u
l
a
t
i
o
n
.
S
e
c
t
i
o
n
3
o
f
t
h
i
s
a
p
p
e
n
d
i
x
d
e
s
c
r
i
b
e
s
t
h
e
e
n
g
i
n
e
e
r
i
n
g
r
e
m
e
—
d
i
a
l
w
o
r
k
s
t
h
a
t
w
o
u
l
d
b
e
n
e
c
e
s
s
a
r
y
t
o
a
c
c
o
m
p
l
i
s
h
a
c
o
m
b
i
n
e
d
L
a
k
e
s
E
r
i
e
a
n
d
O
n
t
a
r
i
o
r
e
g
u
l
a
t
i
o
n
a
n
d
a
t
t
h
e
s
a
m
e
t
i
m
e
m
e
e
t
t
h
e
I
J
C
e
x
i
s
t
i
n
g
c
r
i
t
e
r
i
a
a
n
d
o
t
h
e
r
r
e
q
u
i
r
e
m
e
n
t
s
f
o
r
t
h
e
r
e
g
u
l
a
t
i
o
n
o
f
L
a
k
e
O
n
t
a
r
i
o
.
I
t
a
l
s
o
d
e
s
c
r
i
b
e
s
t
h
e
p
o
r
t
i
o
n
o
f
t
h
e
r
e
m
e
d
i
a
l
w
o
r
k
s
t
h
a
t
w
o
u
l
d
b
e
n
e
c
e
s
s
a
r
y
f
o
r
t
h
e
r
e
g
u
l
a
t
i
o
n
o
f
L
a
k
e
O
n
t
a
r
i
o
,
w
i
t
h
t
h
e
s
u
p
p
l
i
e
s
r
e
c
e
i
v
e
d
t
h
r
o
u
g
h
1
9
7
6
,
a
n
d
t
o
m
e
e
t
t
h
e
e
x
i
s
t
i
n
g
I
J
C
c
r
i
t
e
r
i
a
.
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Section 3
S
T
.
L
A
W
R
E
N
C
E
R
I
V
E
R
S
Y
S
T
E
M
3.1 Preface
T
h
e
r
e
q
u
i
r
e
d
r
e
m
e
d
i
a
l
w
o
r
k
s
i
n
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
a
n
d
C
a
n
a
d
i
a
n
R
e
a
c
h
e
s
o
f
t
h
e
S
t
.
L
a
w
r
e
n
c
e
R
i
v
e
r
w
e
r
e
d
e
f
i
n
e
d
t
o
a
c
c
o
m
m
o
d
a
t
e
a
w
i
d
e
r
a
n
g
e
o
f
i
n
c
r
e
a
s
e
d
L
a
k
e
O
n
t
a
r
i
o
o
u
t
f
l
o
w
s
t
h
a
t
w
o
u
l
d
b
e
n
e
c
e
s
s
a
r
y
d
u
e
t
o
l
i
m
i
t
e
d
r
e
g
u
l
a
t
i
o
n
o
f
L
a
k
e
E
r
i
e
.
F
o
l
l
o
w
i
n
g
d
e
f
i
n
i
t
i
o
n
o
f
t
h
e
t
h
r
e
e
r
e
g
u
l
a
t
i
o
n
s
c
h
e
m
e
s
a
n
d
p
l
a
n
s
u
n
d
e
r
C
a
t
e
g
o
r
y
3
a
s
d
e
s
c
r
i
b
e
d
i
n
A
p
p
e
n
d
i
x
A
,
p
r
e
l
i
m
i
n
a
r
y
e
s
t
i
m
a
t
e
s
w
e
r
e
t
h
e
n
m
a
d
e
f
o
r
r
e
q
u
i
r
e
d
r
e
m
e
d
i
a
l
w
o
r
k
s
in
t
h
e
S
t
.
L
a
w
r
e
n
c
e
R
i
v
e
r
.
It
s
h
o
u
l
d
b
e
n
o
t
e
d
t
h
a
t
t
h
e
c
h
a
n
n
e
l
r
e
m
e
d
i
a
l
w
o
r
k
s
e
v
a
l
u
a
t
e
d
f
o
r
t
h
e
C
a
n
a
d
i
a
n
r
e
a
c
h
w
e
r
e
c
o
n
f
i
n
e
d
t
o
t
h
e
L
a
c
h
i
n
e
R
a
p
i
d
s
a
r
e
a
n
e
a
r
M
o
n
t
r
e
a
l
.
W
h
i
l
e
t
h
e
s
e
r
e
m
e
d
i
a
l
w
o
r
k
s
w
o
u
l
d
m
i
t
i
g
a
t
e
t
h
e
f
l
o
o
d
i
n
g
p
r
o
b
l
e
m
o
n
L
a
k
e
S
t
.
L
o
u
i
s
a
d
j
a
c
e
n
t
t
o
a
n
d
u
p
s
t
r
e
a
m
o
f
M
o
n
t
r
e
a
l
,
t
h
e
y
w
o
u
l
d
n
o
t
p
r
o
v
i
d
e
s
i
m
i
l
a
r
r
e
l
i
e
f
t
o
r
i
p
a
r
i
a
n
i
n
t
e
r
e
s
t
s
d
o
w
n
s
t
r
e
a
m
o
f
M
o
n
t
r
e
a
l
.
N
o
r
e
m
e
d
i
a
l
w
o
r
k
s
d
o
w
n
s
t
r
e
a
m
o
f
M
o
n
t
r
e
a
l
w
e
r
e
e
x
a
m
i
n
e
d
,
in
a
c
c
o
r
d
a
n
c
e
w
i
t
h
the
P
l
a
n
of
Study.
U
n
d
e
r
C
a
t
e
g
o
r
y
3,
an
a
d
j
u
s
t
e
d
b
a
s
i
s
-
o
f
-
c
o
m
p
a
r
i
s
o
n
was
also
d
e
v
e
l
o
p
e
d
and
u
s
e
d
in
e
s
t
i
m
a
t
i
n
g
the
i
n
c
r
e
a
s
i
n
g
c
a
p
a
c
i
t
y
t
h
a
t
wo
ul
d
be
r
e
q
u
i
r
e
d
in
the
St.
Lawrence
River
to
handle
the
supplies
for
the
study
period
1900-1976
and
s
a
t
i
s
f
y
the
C
o
m
m
i
s
s
i
o
n
'
s
Orders
of
Approval
for
the
regulation
of
Lake
Ontario.
The
required
St.
Lawrence
remedial
works
for
the
adjusted
basis-of-
canparison
are
also
described
in
this
appendix.
The
differences
in
capacity
increase
between
those
required
by
the
adjusted
basis-of—comparison
and
those
required
by
the
Lake
Erie
plans
could
be
considered
the
incremental
channel
enlargements
required
for
combined
Lakes
Erie
and
Ontario
regulation.
3.2
Description
of
the
Project
Area
The
St.
Lawrence
River
forms
the
natural
outlet
of
the
Great
Lakes
drainage
basin.
From
Lake
Ontario
at
Kingston,
Ontario,
the
river
flows
generally
in
a
northeasterly
direction
to
its
outlet
on
the
Gulf
of
St.
Lawrence,
at
Father
Point,
Quebec,
a
distance
of
some
530
miles.
Between
Kingston,
and
Cornwall,
Ontario,
the
river
coincides
with
the
International
Boundary
between
Canada
and
the
United
States.
Downstream
of
Cornwall,
Ontario,
the
river
lies
wholly
within
the
Province
of
Quebec.
A
location
map
of
the
St.
Lawrence
River
is
shown
on
Figure
8-44.
3.2.1 General
The
St.
Lawrence
River
possesses
some
advantages
not
shared
by
many
:
rivers
of
comparable
size
and
importance.
The
natural
regulating
effect
of
the
Great
Lakes
results
in
a
remarkably
uniform
flow
in
the
St.
Lawrence;
the
ratio
of
maximum
to
minimum
flow
at
its
headwaters
on
Lake
Ontario
being
about
2:1
as
compared,
for
example,
to
the
Mississippi
River
with
a
corres-
ponding
ratio
of about
40:1.
Over
the
period
1900-1976,
the
mean
recorded
flow
was
237,000
cfs,
the
maximum
350,000
cfs,
and
the
minimum
154,000
cfs.
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 Fr
om
La
ke
On
ta
ri
o
at
Ki
ng
st
on
,
to
Fa
th
er
Po
in
t,
Qu
eb
ec
,
wh
ic
h
ma
rk
s
th
e
tr
an
si
ti
on
to
th
e
Gu
lf
of
St
.
La
wr
en
ce
,
th
e
St
.
La
wr
en
ce
Ri
ve
r
fa
ll
s
ap
pr
ox
im
at
el
y
24
5
fe
et
.
Th
ro
ug
ho
ut
th
e
fi
rs
t
68
mi
le
s
of
it
s
le
ng
th
,
th
e
ri
ve
r
is
ch
ar
ac
te
ri
ze
d
by
nu
me
ro
us
ro
ck
y
is
la
nd
s
an
d
re
ef
s
fr
om
wh
ic
h
th
e
na
me
,
Th
ou
sa
nd
Is
la
nd
s
Re
ac
h,
is
de
ri
ve
d.
Wi
th
th
e
co
ns
tr
uc
ti
on
of
th
e
St
.
La
wr
en
ce
Se
aw
ay
an
d
Po
we
r
Pr
oj
ec
t,
be
tw
ee
n
19
54
an
d
19
59
,
th
e
ph
ys
ic
al
fe
at
ur
es
of
th
e
ne
xt
se
ct
io
n
of
th
e
ri
ve
r
be
tw
ee
n
Ir
oq
uo
is
an
d
Co
rn
wa
ll
,
On
ta
ri
o,
we
re
co
ns
id
er
ab
ly
ch
an
ge
d.
Th
e
co
ns
tr
uc
ti
on
of
th
e
Sa
un
de
rs
4W
os
es
hy
dr
o-
el
ec
ri
c
pl
an
ts
an
d
ap
pu
rt
en
an
ce
s
at
Co
rn
wa
ll
,
On
ta
ri
o
-
Ma
ss
en
a,
Ne
w
Yo
rk
,
ca
us
ed
th
e
fo
rm
at
io
n
of
a
la
rg
e
ma
n-
ma
de
la
ke
,
na
me
d
La
ke
St
.
La
wr
en
ce
,
wh
ic
h
fl
oo
de
d
ar
ea
s
wh
er
e
en
ti
re
vi
ll
ag
es
ha
d
be
en
lo
ca
te
d.
Pr
ev
io
us
in
ha
bi
ta
nt
s
of
th
e
fl
oo
de
d
ar
ea
we
re
re
lo
ca
te
d
du
ri
ng
th
e
Se
aw
ay
project period.
Be
lo
w
th
e
Sa
un
de
rs
-M
os
es
Po
we
r
Da
m,
th
e
ri
ve
r
di
vi
de
s
in
to
tw
o
ch
an
ne
ls
ar
ou
nd
Co
rn
wa
ll
Is
la
nd
wh
ic
h
th
en
re
un
it
e
to
fo
rm
La
ke
St
.
Fr
an
ci
s.
Do
wn
-
st
re
am
of
La
ke
St
.
Fr
an
ci
s,
th
e
ri
ve
r
fl
ow
s
th
ro
ug
h
th
e
Be
au
ha
rn
oi
s
Ca
na
l
an
d
Ce
da
rs
co
mp
le
x
to
La
ke
St
.
Lo
ui
s.
Th
e
Be
au
ha
rn
oi
s
Po
we
rh
ou
se
is
lo
ca
te
d
at
th
e
en
d
of
th
e
ca
na
l.
At
th
e
ou
tl
et
of
La
ke
St
.
Lo
ui
s,
th
e
ri
ve
r
dr
op
s
th
ro
ug
h
th
e
La
ch
in
e
Ra
pi
ds
in
to
th
e
La
pr
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.
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re
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re
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Canadian
Reach:
Downstream
from
St.
Regis,
Quebec,
the
St.
Lawrence
River
lies
wholly
in
Canada
and
all
alterations
for
navigation
downstream
to
Montreal
have
been
carried
out
by
the
St.
Lawrence
Seaway
Authority.
Below
Cornwall
Island,
the
navigation
channel
crosses
Lake
St.
Francis
for
a
distance
of
31
miles
to
the
head
of
the
Beauharnois
Power
Canal.
The
water
level
of
Lake
St.
Francis
is
maintained
very
closely
to
152
feet,
IGLD
(1955)
through
operation
of
the
Beauharnois
Cedars
Complex
by Hydro-Quebec.
In
authorizing
diversions
of
water
for
power
purposes
at
Beauharnois,
the
Government
of Canada
passed
legislation
in
1932 specifying
certain
conditions
which
w0uld
enable
the
power
canal
to
be
used
ultimately
as
part
of
the
Seaway System.
Hydro-Quebec
has been required to maintain the canal
to give
a clear width of 600 feet on the bottom,
a depth of 27 feet at low water
datum stage, and to provide adequate cross-sectional
area so as to produce
average velocities not exceeding 2.25 fps under any condition of operation.
Two Seaway locks overcome the 84-foot fall between Lake St. Francis
and Lake St. Louis.
Downstream of Beauharnois, the river widens into Lake
St. Louis which extends for 10 miles to the Lachine Rapids. The navigation
channel then bypasses the Lachine Rapids and reaches Montreal through Seaway
facilities which consist of two locks: one at Cote Ste. Catherine; the
other at St. Lambert.
3.2.2 Existing Regulatory and Power Facilities
The four major installations in the St. Lawrence River between Lake
Ontario and Montreal are the Iroquois 0am, Long Sault 0am, Saunders-Moses
Plants, and Beauharnois-Cedars complex. In addition, channel enlargements
were carried out for the Seaway and power projects.
[quuois Dam: The Iroquois Dam extends about 1,980 feet from Point
Rockway in the United States to the Canadian shore near Iroquois. The
structure is equipped with thirty—two 50-foot sluices designed to pass a
maximum lake outflow in excess of the maximum flow of 310,000 cfs as speci-
fied by the current regulation plan (1958-0). If necessary, the dam can be
operated to control and regulate the outflow from Lake Ontario, replacing the
natural control provided by a rock ledge which existed near Galop Island
prior to alterations associated with the project. The pattern of gate set-
tings for the dam was developed from hydraulic model tests and have been
selected so as to minimize adverse currents in the navigation channel at the
lower approach to the Iroquois Lock. During periods of strong westerly
winds, the gates may be dipped to prevent excessive buildup of water levels
in Lake St. Lawrence. The gates are also used during ice formation to a551st .
in promoting a stable ice cover. ~
LUn
ﬂ S
aul
t D
am:
Lon
g S
aul
t D
am
is
loc
ate
d b
elo
w t
he
foo
t o
f L
ong
Sault Island, about 25 miles downstream of the Iroquois Dam. It measures_
about 2,960 feet along its curved axis. Besides a non-overflow section, it
also
has
a Sp
illw
ay s
ecti
on w
hich
cons
ists
of t
hirt
y 50
-foo
t sl
uice
s.
The
spil
lway
disc
harg
e ha
s ca
paci
ty i
n ex
cess
of r
equ1
reme
nts
at t
he
_
Sau
nde
rs-
Mos
es
pow
er
pla
nts
.
It
als
o c
an
eff
ect
ive
ly
cont
rol
the
riv
er
flo
ws
and
wat
er
lev
els
wit
hin
spe
cif
ied
ran
ges
in
the
eve
nt
that
flow
s c
ann
ot
be
discharged through the Saunders-Moses plants.
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agencies
carried
out
dredging
in
three.
The
principal
locations
of
channel
enlargements,
carried
out
by
the
Power
Entities,
were
at
Chimney
Point,
Galop
Island,
Lalone-Lotus
Islands,
Sparrow
Hawk
Point
-
Toussaints
Island,
Iroquois,
Point
Three
Points,
Ogden
Island,
headrace
of
Long
Sault
Dam
and
tailrace
of
the
Saunders—Moses
Dam.
The
principal
location
of
channel
enlargements
carried
out
specifically
for
navigation
were
at
the
Iroquois
Lock,
Niley-Dondero
Ship
Channel,
and
North
and
South
of
Cornwall
Island.
Approximately
107
million
cubic
yards
of
material
were
excavated
during
the
Seaway
Project.
The
excavations
carried
out
by
the Power
Entities
totaled
63
million
cubic
yards.
The
excavations
carried
out
by
the naviga-
tion agencies totaled 44 million cubic yards.
As
an example of the channel
capacity increase attained by the project,
a flow of 350,000 cfs was discharged out of Lake Ontario during portions of
1973
and
1976.
During
the
latter
part
of the
Summer
of 1973,
this
was
about
19,000 cfs
in excess of the flow that would
have occurred prior to the
project.
Although, it was physically possible to release a greater flow out
of Lake Ontario, it would have had very serious effects on navigation,
shorefront properties on Lake St. Lawrence and in the Montreal area, and on
the generation of power on the St. Lawrence.
3.2.3 Current Operating Plan
Appendix A, Lake Regulation, discusses details of the current operating
plan used in regulating the outflows of Lake Ontario.
3.2.4 Navigation Facilities
Works of the Federal Seaway agencies of Canada and the United States provide
a 27-foot navigation channel through the river between Lake Ontario and
Montreal Harbour. At and below Montreal, a 35-foot navigation channel is
maintained by the Canadian Ministry of Transport.
35, Lawrence Seaway: From Montreal to Lake Ontario, a vessel travels
182 miles and rises over 225 feet. This distance may be considered to con-
sist of five sections, three of which are solely in Canadian waters, the
others in International Boundary waters.
The first section, about 31 miles in length, contains the St. Lambert_
and Cote-Ste-Catherine Locks, which enable ships to bypass the Lachine Rapids
and to rise 50 feet above the level of Montreal Harbour. After moving _
through Lake St. Louis, ships enter the second section, the Soulanges.
Section, which extends for a distance of 16 miles into Lake St. Franc1s. E
The Lower and Upper Beauharnois Locks lift ships a total of 82 feet above
Lake St. Louis. The third section, Lake St. Francis, 15 29 miles long and
terminates just east of Cornwall, Ontario.
The first of the two International Sections of the St. Lawrence seaway
is entered at the upstream end of Lake St. Francis and extends to a p01nt
just east of Ogdensburg, New York. It is mainly the man-made Lake St. .
Lawrence resulting from the construction of the Saunders4Moses power complex.
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 increased hydraulic conveyance capacities in this reach of the St. Lawrence
along with associated costs to permit regulation plan development under
Category 3 evaluations, five channel enlargement schemes were developed
(Section 3.5.2). These schemes permit increased outflows from Lake Ontario
of up to 30,000 cfs. After reviewing these schemes, it became apparent that
excavation along side the navigation channels was the most efficient and cost
effective way to achieve the required conveyance capacities, particularly at
restricted locations such as Chimney Point - Galop Island area.
In order to better define the locations and amounts of channel excavations,
physical modelling would be required.
Such model studies would provide more
detailed information on the effects of channel excavation on the flow veloci—
ties and water surface profile.
3.3.2 Canadian Reach
Channel enlargement at Lachine Rapids would be required to mitigate
flooding of lands adjacent to Lake St. Louis. Depending on the amount of
channel enlargement, a compensating structure at Lachine might also be
necessary to offset the effect of channel enlargement at lower flows. To
provide a range of increased channel capacities at the Lachine section and
associated costs, several schemes were developed permitting increased out-
flows from Lake St. Louis of up to 50,000 cfs. As previously noted, the
possibilities of remedial works downstream of Montreal were not examined in
this study. If limited regulation of Lake Erie were to proceed, such reme-
dial works would most likely be required to mitigate flood problems
downstream of Montreal.
3.4 Hydraulic Considerations
The principal hydraulic considerations utilized in studies of the St.
Lawrence River remedial works are discussed below.
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 The model computes the water surface profile, velocities, etc., resulting
from
various
assumed
extents of channel
enlargements.
The model, designed
and calibrated by the Great Lakes Environmental
Research Laboratories of the
National
Oceanic
and Atmospheric Administration (NOAA),
is capable of simula-
tion on varying time increments and includes flow under ice-covered, as well
as open-water, conditions.
The objective in developing this mathematical model was to evaluate
water surface changes due to channel dredging, changing ice covers, and the
effect of extending the navigation season on the St. Lawrence River.
In this
study, the model was used to estimate the nature and extent of channel exca-
vation required to meet the hydraulic requirements of any given combined
Lakes Erie and Ontario regulation plan. For any given excavation alterna-
tive, the model was used to determine the resulting water surface elevations
and average channel velocities at strategic locations along the river.
The section of the St. Lawrence River simulated by the NOAA model
extends from Lake Ontario to the Moses—Saunders Power Dam near Cornwall,
Ontario-Massena, New York. A detailed description of the model, its
development and calibration, etc., are contained in NOAA's Technical
Memorandum ERL GLERL-24 Upper St. Lawrence River Hydraulic Transient Model,
October 1978. The following is a brief description of the model.
The configuration in the model consists of 30 reaches interrelated by
21 intersection or nodal points. Each reach is assumed prismatic with its
own physical characteristics of length, width, wetted area, wetted peri-
meter, and bed roughness. Input to the model consists of the initial stage
and flow conditions along the river, the respective channel roughness
coefficients, ice-cover roughness coefficients, and ice thickness for all
the reaches. A net total supply (NTS) hydrograph or water level hydrograph
is allowable input as upstream boundary conditions. Downstream boundary
conditions include a discharge or water level hydrograph at the powerhouse.
Because plans of regulation were selected subsequent to study
commencement, a range of channel excavations which would likely encompass
those of the selected Lakes Erie and Ontario regulation plans was simulated.
Section 3.5.2, Channel Enlargements, describes in detail how the amounts to
be excavated were estimated.
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The analysis consists of determining the additional channel area of the
river needed to carry the increased discharge at the same level of Lake
St. Louis as for an outflow of 390,000 cfs. This flow is considered as the
base flow and corresponds to an elevation 72.2 feet, IGLD (1955), or 72.5
feet, G.S.C. at Point Claire Gauge. Flood damage begins when this level is
exceeded. The procedure was essentially trial and error using the HEC-Z
backwater analysis from the bottom of Lachine Rapids to Lake St. Louis with
different dredging dimensions at certain locations until the particular level
condition was satisfied. Much information with respect to optimum areas for
dredging was available from earlier Canada-Quebec flood studies of the
Montreal area. Also from the Canada—Quebec study, it was determined that the
most effective way to maintain low lake levels in their present range was by
isolating the upstream dredged area by an in-river dike and control structure
at the head of the dredged channel. This would enable all the flow to be
passed down the remaining river channel when necessary. The hydraulic analy-
sis for this low level condition consists of assessing the length of dike
which would cause the low level on the lake to be restored to natural, thus
negating the effect of the increased river area by dredging. It remained
also to verify high water conditions once the dike length was determined by
apportioning flows through the dredged and river channel, and checking the
lake levels.
3.5 Design and Cost Estimates
Common design criteria were used throughout the design process in order
that a valid comparison of cost could be made between the various remedial
alternatives under study. All depths and heights given are in feet; all
elevations are referred to the International Great Lakes Datum (1955).
3.5.1 Topographic and Geotechnical Characteristics
Channel excavation in the International Reach of the St. Lawrence
River would extend from Ogdensburg, New York to Morrisburg, Ontario, a
distance of about 20 miles. While the amount of channel enlargement varies
depending on the required increase in channel capacity, the locations of
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Table 8-7
- Excavation
Alternatives
in the
International
Reach of the St. Lawrence River
 
Excavation :
Alternative:
1
Description of Excavation Alternative
: Excavation from Chimney Point to Morrisburg,;
: adjacent to the navigation channel and to
: permit a flow increase of 10,000 cfs at Lake:
: Ontario elevations above 244.5 feet IGLD
: (1955)
: Excavation from Chimney Point to Morrisburg,:
: adjacent to the navigation channel, and to
: permit a flow increase of 20,000 cfs at Lake:
: Ontario elevations above 244.5 feet IGLD
' (1955)
: Excavation from Chimney Point to Morrisburg,:
: adjacent to the navigation channel, and to
: permit a flow increase of 30,000 cfs at Lake:
: Ontario elevations above 244.5 feet, IGLD
: (1955)
: Excavation and hydraulic capacity as per
: alternative 2 but with channel excavation
: in the Galop and Ogden Island areas located 5
: in the channels on the south side of these
: islands rather than adjacent to the north
: side navigation channels.
2 Excavation similar to alternative 2 but
: limited to the Ir0quois Dam to Morrisburg
: reach adjacent to the navigation channel.
: This will permit flow increases up to
: 20,000 cfs at Lake Ontario elevations above :
: 245.7 feet IGLD (1955)
Total Estimated
: Excavation Volume
(millions of
cubic yards)
7.5
15.0
22.2
20.0
4.9
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The fourth alternative mentioned above was considered since it was
expe
cted
that
inte
rfer
ence
with
navi
gati
on c
ould
be r
educ
ed,
alth
ough
it
would require more channel enlargement when compared to the second
alternative. The fifth alternative assumes that the additional channel capa-
city would be required at a higher Lake Ontario elevation.
Figure 8-46 shows the relationship between the amounts of channel exca-
vation and river flow increases. The effect of the above five excavation
alternatives on maximum Lake Ontario outflow limitations are as depicted in
Figure 8-47. The locations of the channel enlargement are shown in Figure
8-48. Each of the five excavation alternatives is expected to have no effect
on t
he e
xist
ing
mini
mum
draf
t c
ondi
tion
s in
the
Seaw
ay.
It i
s re
cogn
ized
that
oper
atio
n of
the
Iroq
uois
Dam
will
be r
equi
red
on a
more
freq
uent
basi
s
than
is c
urre
ntly
the
case
, as
thes
e ch
anne
l m
odif
icat
ions
woul
d o
ther
wise
cause increased Lake St. Lawrence levels.
The excavation alternatives listed above would have varying effects on
the existing head-loss relationship for the river from Lake Ontario to the
Saunders4hoses Powerhouse. In order to define more accurately the hydraulic
effect and costs of these excavation alternatives, it would be necessary to
employ more sophisticated and elaborate mathematical and hydraulic model
studies of this reach of the river.
Channel Enlargements: As indicated in the preceding section, Hydraulic
Design, five excavation alternatives, providing various capacity increases,
were examined. This section describes the procedure in determining the
required channel excavation to accommodate Lakes Erie and Ontario regulation.
It also describes the procedure in determining the required channel excava-
tion required by the adjusted basis-of-comparison.
Since the completion of the St. Lawrence Seaway and Power Project in
1959, the outflow of Lake Ontario has been completely regulated. All channel
enlargements, as approved by the Governments of Canada and the United States
in 1955, were designed to give a maximum mean velocity in any cross section
of the navigation channel not exceeding 4 feet per second during the naviga-
tion season and 2.25 feet per second during the ice formation period in the
winter to minimize the difficulties of power generation. Plan of Regulation
12-A—9 was specified in the IJC Order of Approval to be used as a basis for
calculating critical profiles and designing channel excavations. All excava-
tions were designed to cope with the highest-known supply conditions during
the period 1860-1954.
The present regulation plan used to regulate Lake Ontario outflow is
Plan 1958-0. It was designed in 1963 to satisfy the IJC criteria and other
requirements that have been established to protect or to provide benefits
to the various interests concerned. Similar to Plan 12-A-9, Plan 1958-0 was
also tested over the period 1860—1954 to assess the degree to which it satis-
fied the IJC criteria and other requirements.
Limited regulation of Lake Erie would alter the sequence and the
magnitude of supplies to Lake Ontario. Since the regulated Lake Erie outflow
would be higher than that under the basis-of—comparison during high supply
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 discussed
earlier.
The
present
worth
of
the
annual
operation
and
maintenance
costs
was
added
to
the
investment
cost
to
determine
the
total
present
worth
of
each
alternative.
Table
8-8
shows
the
cost
estimates
of
the
required
remedial
measures
in
the
International
Reach
of
the
St.
Lawrence
River.
3.5.3 Canadian Reach
Hydraulic
Design:
To
present
a
range
of
channel
enlargements
at
Lachine
Rapids
that
would
be
required
to
mitigate
flooding
in
Lake
St.
Louis,
four
remedial
alternatives
in
the
Canadian
Reach
of
the
St.
Lawrence
were
examined.
A
compensating
structure
at
Lachine
was
also
considered
to
offset
the
effect
of
channel
enlargement
at
low
flows.
For
the
hydraulic
analyses
required
to
establish
construction
estimates,
the following criteria were used:
1.
The
flooding
level
on
Lake
St.
Louis
was
taken
as
elevation
72.2
feet,
IGLD
(1955)
at
Pointe
Claire
gauge.
This
corresponds
to
an
outflow
from
Lake
St.
Louis
of
390,000
cfs
and,
from
the
best
information
available,
is
the
level
at
which
flood
damage
begins.
This
then
is
considered
the
base flow.
2.
Analysis
and
cost
estimate
for
flow
increases
of
up
to 50,000
cfs
(above
390,000
cfs)
were made
to
provide
data
for a cost
versus
capacity
increase curve.
3.
A low flow value of 220,000 cfs was used for low flow conditions
in the evaluation.
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 Details of the analysis for the discharges considered are as follows:
1.
cfs.
Alternative 1.
Flow increase of 50,000 cfs for a total of 440,000
2.
cfs.
Alternative 2.
Flow increase of 35,000 cfs for a total of 425,000
3. Alternative 3.
cfs.
Flow increase of 20,000 cfs for a total of 410,000
4. Alternative 4.
cfs.
Flow increase of 15,000 cfs for a total of 405,000
It was considered that no control
maintenance of lake levels at low flow
the lowering would be very small.
structure would be necessary for the
under Alternatives 3 and 4 above as
The amount of channel capacities versus excavation quantities are
plotted in Figure 8-50. The location of the excavation for each alternative
is shown in Figure 8-51.
Channel Enlargements: One of the requirements for Lake Ontario regula-
tion is that the downstream riparian interests should not experience any
worse condition under regulation. Thus, the maximum Lake Ontario outflow
limitation, termed P-Limitation, was incorporated into Plan 1958-0 to control
the deviation of the regulation outflows from those outflows which would
occur under pre-project (without Lake Ontario regulation) conditions. Under
Category 3 study, it was noted that increasing the P-Limitation by 15,000 cfs
in all three selected Lake Erie regulation plans would satisfy the IJC
requirements for the regulation of Lake Ontario. The amount of excavation
required corresponding to this increase in channel capacity would be about 1
million cubic yards. All removed material was assumed to be sedimentary
rock
.
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 Plan 153 would require an additional capacity of 6,000 cfs in the
International Reach of the St. Lawrence River.
The first cost of the excava-
tion is about $45.0 million.
The corresponding annual cost, after adjustment
for finance, and operation and maintenance, is about $4.3 million.
Discharge
capacities and a cost summary, including first costs, annual costs, and pre-
sent worth, are shown in Table B-8.
Plan 25N would require an additional
capacity of 5,000 cfs in the
International Reach of the St. Lawrence River.
The first cost of the excava-
tion is about $38.0 million.
The corresponding annual cost, after adjustment
for finance, and operation and maintenance, is about $3.4 million.
Discharge
capacities and a cost summary, including first costs, annual costs, and pre-
sent worth, are shown in Table 8-8.
At the Lachine Rapids area, west of Montreal, all three Lake Erie
regulation plans under Category 3 would require an additional capacity of
about 15,000 cfs. The first cost of the excavation is about $42.0 million.
The correSponding annual cost, after adjustments for finance, and operation
and maintenance costs, is estimated to be about $4.0 million. Discharge
capacities and a cost summary, including first cost, annual cost, and present
worth, are shown in Table 8-8.
The following is a summary of the relative discharge capacities and com-
bined costs of remedial works in the International and Canadian Reaches of
the St. Lawrence River. The total first costs, based on July 1979 price
levels, are $72 million for the adjusted basis-of-comparison and Plan 6L, $87
million for Plan 155, and $80 million for Plan 25N. The corresponding annual
costs are $6.9 million for the adjusted basis—of-comparison and Plan 6L, $8.3
million for Plan 155, and $7.4 million for Plan 25N. Table B-8 provides a
cost summary of remedial works in the St. Lawrence River.
Tables 8-9, B-IO, B-11, and B-12 show a time profile of all undiscounted
and discounted project costs in each year of occurrence over the assumed
50-year economic project life of each of the limited regulation of Lake Erie
plans and the adjusted basis-of—comparison.
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 Table B-ll - Reguiation Pian 25N - Project Cost Time Profiie for
Internationai Reach of the St. Lawrence River
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 Section 4
COST
SUWMARY
OF
REGULATORY
AND
REMEDIAL
WORKS
4.1 General
Limited
regulation
of
Lake
Erie
would
require
construction
of
regulatory
works
at
the
head
of
the
Niagara
River.
To
implement
a
combined
Lake
Erie
and
Ontario
Regulation
Plan,
remedial
works
in
the
St.
Lawrence
River
would
also
be
required.
The
nature
and
extent
of
these
works
depend
on
the
regula-
tion plan selected.
Table
8-13
is
a
summary
of
the
costs
of
regulatory
and
remedial
works
relative
to
the
regulation
plan
investigated.
These
are
the
preliminary
estimates
only
and
not
based
on
detailed
design
studies.
The
costs
shown
for
the
St.
Lawrence
remedial
works
also
reflect
those
which
would
be
required
for
channel
enlargement
to
accommodate
the
high
water
supplies
of
the
1970's
while
not
violating
the
IJC
criteria
for
the
regula-
tion of Lake Ontario.
8-111
   
 Table B-13 - Summary of Costs of Regulatory and
Remedial Works
Cost Estimatesil (millions of dollars)
 
First : Average : Present
Regulation Plan : Costs : Annual Costs : North
' $ : $ I $
Plan 6L : 2 :
Niagara River : 10.3 : 1.2 : 13.8
St. Lawrence River : - '
Internatioanl Reach : 30.0 2 9 33.6
Canadian Reach : 41.9 4L0 46.5
Total Cost : 82.2 8 1 93 9
Plan 155 2 : :
Niagara River : 19.6 : 2.0 : 22.5
St. Lawrence River
International Reach : 45 0 4.3 50.2
Canadian Reach : 41.9 4.0 46.5
Total Cost 2 106.5 10.3 119.2
Plan 25N : : :
Niagara River : 111.4 : 11.6 : 134.3
St. Lawrence River : ' '
International Reach 2 38.0 3.4 39.1
Canadian Reach : 41.9 4.0 46.5
Total Cost : 191.3 1970 219.9
Adjusted Basis-of—
Comparison
St. Lawrence River :
International Reach
:
30.0
2.9
33.6
Canadian Reach
:
41.9
4.0
46.5
679 8071
Total Cost : 71.9
1/ Cost estimates are based on July 1979 price levels, a 50-year economic
life, and an 8-1/2 percent interest rate.
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ANNEX A
C
O
N
V
E
R
S
I
O
N
F
A
C
T
O
R
S
(
B
R
I
T
I
S
H
T
O
M
E
T
R
I
C
U
N
I
T
S
)
1
c
u
b
i
c
f
o
o
t
p
e
r
s
e
c
o
n
d
(
c
f
s
)
=
0
.
0
2
8
3
1
7
c
u
b
i
c
m
e
t
r
e
s
p
e
r
s
e
c
o
n
d
(cms)
1
cfs-months
=
0.028317
cms-months
1 foot 0.30480 metres
1
inch
2.54
centimetres
1
mile
(statute)
=
1.6093
kilometres
1
ton
(short)
=
907.18
kilograms
1
ton
(long)
=
1016.0
kilograms
1
square
mile
=
2.5900
square
kilometres
1
cubic
mile
=
4.1682
cubic
kilometres
Temperature
in
Celsius:
°C
=
(°F
-
32),/
1.8
1
acre
-
feet
=
1233.5
cubic
metres
1
gallon
(U.S.)
=
3.7853
litres
1
gallon
(British)
=
4.5459
litres
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ANNEX B
January 16, 1978
Terms of Reference
Regulatory Works Subcommittee
In a
ccor
danc
e wi
th t
he F
ebru
ary
21,
1977
lett
er t
o th
e In
tern
atio
nal
Joi
nt
Com
mis
sio
n f
rom
the
Gov
ern
men
ts
and
the
Int
ern
ati
ona
l J
oin
t
Com
mis
sio
n's
Dir
ect
ive
to
the
Int
ern
ati
ona
l L
ake
Erie
Reg
ula
tio
n S
tud
y B
oar
d,
dat
ed
May
10,
1977
, t
he
sub
com
mit
tee
will
dev
elO
p e
ngi
nee
rin
g d
esi
gns
and
cost
est
ima
tes
of
reg
ula
tor
y w
ork
s i
n t
he
Nia
gar
a R
ive
r a
nd
oth
er
rem
edi
al
str
uct
ure
s i
n t
he
Nia
gar
a a
nd
St.
Law
ren
ce
Riv
ers
req
uir
ed
to
imp
lem
ent
pro—
pose
d La
ke E
rie
regu
lati
on p
lans
.
In c
arry
ing
cut
this
task
the
subc
ommi
ttee
will:
a. Prepare preliminary engineering design and cost estimates for regu-
latory and remedial works in the Niagara River.
b. Prepare preliminary engineering design and cost estimates for reme-
dial works in the St. Lawrence River.
c. Prepare discharge capacity-cost curves for use in regulation plan
development.
d. Prepare detailed engineering design and cost estimates for regula-
tory and remedial works required for selected regulation plans.
e. Prepare reports on investigations.
f. Assist and prepare information for the Public Participation program.
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Name
Foley.l/
Cuthbert l/
Hollmer
. mdmw
Hung
. Daly V
Ellis
Yee
McGregor
. Erhartg/
ANNEX C
M
E
M
B
E
R
S
A
N
D
A
S
S
O
C
I
A
T
E
S
L
I
S
T
R
E
G
U
L
A
T
O
R
Y
W
O
R
K
S
S
U
B
C
O
M
M
I
T
T
E
E
(1977 - 1981)
Agency
U.
S.
A
r
m
y
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
C
a
n
a
d
i
a
n
D
e
p
t
.
o
f
P
u
b
l
i
c
W
o
r
k
s
C
a
n
a
d
i
a
n
D
e
p
t
.
o
f
E
n
v
i
r
o
n
m
e
n
t
P
o
w
e
r
A
u
t
h
o
r
i
t
y
o
f
S
t
a
t
e
o
f
N
e
w
Y
o
r
k
NYS
D
e
p
t
.
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
C
o
n
s
e
r
v
a
t
i
o
n
St.
L
a
wr
e
n
c
e
Seaway
Development
Corp.
U.
S.
Army
Corps
of
Engineers
Canadian
Dept.
of
Environment
Canadian
Dept.
of
Environment
Ontario Hydro
U.
3.
Army
Corps
of
Engineers
Chairman,
Respective
Section
Long-Term Associates
8-115
P
e
r
i
o
d
o
f
S
e
r
v
i
c
e
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
E
r
o
_
m
L
0
O
c
t
.
1
9
7
7
C
o
m
p
l
e
t
i
o
n
O
c
t
.
1
9
7
7
J
u
n
e
1
9
7
9
J
u
n
e
1
9
7
9
C
o
m
p
l
e
t
i
o
n
O
c
t
.
1
9
7
7
C
o
m
p
l
e
t
i
o
n
Oct.
1977
C
o
m
p
l
e
t
i
o
n
Oct.
1977
C
o
m
p
l
e
t
i
o
n
Oct. 1977 Jan. 1978
Oct.
1977
C
o
m
p
l
e
t
i
o
n
Oct.
1977
C
o
m
p
l
e
t
i
o
n
Oct. 1977 Completion
Oct. 1977 Completion
 
 ANNEX D
REFERENCE LIST
I
n
t
e
r
n
a
t
i
o
n
a
l
R
e
g
u
l
a
t
i
o
n
o
f
L
a
k
e
E
r
i
e
,
W
a
t
e
r
L
e
v
e
l
s
S
t
u
d
y
,
C
o
n
s
t
r
u
c
t
i
o
n
E
s
t
i
m
a
t
e
,
M
c
P
h
e
e
,
S
m
i
t
h
,
R
o
s
e
n
s
t
e
i
n
E
n
g
i
n
e
e
r
s
P
.
C
.
,
J
u
l
y
1
9
7
8
.
I
n
t
e
r
n
a
t
i
o
n
a
l
R
e
g
u
l
a
t
i
o
n
o
f
L
a
k
e
E
r
i
e
,
W
a
t
e
r
L
e
v
e
l
s
S
t
u
d
y
,
R
e
a
l
E
s
t
a
t
e
a
n
d
D
a
m
a
g
e
s
,
M
c
P
h
e
e
,
S
m
i
t
h
,
R
o
s
e
n
s
t
e
i
n
E
n
g
i
n
e
e
r
s
P
.
C
.
,
J
u
l
y
1
9
7
8
.
I
n
t
e
r
n
a
t
i
o
n
a
l
L
a
k
e
E
r
i
e
R
e
g
u
l
a
t
i
o
n
S
t
u
d
y
,
S
u
m
m
a
r
y
R
e
p
o
r
t
b
y
R
e
g
u
l
a
t
o
r
y
W
o
r
k
s
S
u
b
c
o
m
m
i
t
t
e
e
,
S
e
p
t
e
m
b
e
r
1
9
7
8
.
I
n
t
e
r
n
a
t
i
o
n
a
l
L
a
k
e
E
r
i
e
R
e
g
u
l
a
t
i
o
n
S
t
u
d
y
,
C
o
s
t
E
s
t
i
m
a
t
e
S
u
m
m
a
r
y
,
U
.
S
.
A
r
m
y
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
,
B
u
f
f
a
l
o
D
i
s
t
r
i
c
t
,
J
a
n
u
a
r
y
1
9
8
0
.
F
i
n
a
l
R
e
p
o
r
t
o
f
t
h
e
A
d
—
H
o
c
E
c
o
n
o
m
i
c
s
S
u
b
c
o
m
m
i
t
t
e
e
,
M
a
y
1
9
7
8
.
R
e
p
o
r
t
on
S
u
p
e
r
i
o
r
-
E
r
i
e
-
O
n
t
a
r
i
o
R
e
g
u
l
a
t
i
o
n
P
l
a
n
,
S
E
O
-
1
7
P
,
U.
S.
A
r
m
y
C
o
r
p
s
of
E
n
g
i
n
e
e
r
s
,
S
e
p
t
e
m
b
e
r
1
9
7
4
.
.
A
p
p
e
n
d
i
x
G
-
R
e
g
u
l
a
t
o
r
y
W
o
r
k
s
A
p
p
e
n
d
i
x
,
R
e
g
u
l
a
t
i
o
n
of
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Le
ve
ls
,
A
Re
po
rt
by
th
e
In
te
rn
at
io
na
l
Gr
ea
t
La
ke
s
Le
ve
ls
Bo
ar
d
to
th
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
,
D
e
c
e
m
b
e
r
,
1
9
7
3
.
St
ea
dy
—S
ta
te
Su
b—
Cr
it
ic
al
Fl
ow
Ba
ck
wa
te
r
Mo
de
l
fo
r
th
e
Ni
ag
ar
a
Ri
ve
r,
U.
S.
Ar
nw
Co
rp
s
of
En
gi
ne
er
s,
Bu
ff
al
o
Di
st
ri
ct
.
Se
e
An
ne
x
E
fo
r
a
li
st
in
g
of
th
is
computer program.
Up
pe
r
St
.
La
wr
en
ce
H
yd
r
a
ul
i
c
T
r
a
n
s
i
e
n
t
Mo
de
l,
NO
AA
Te
ch
ni
ca
l
M
e
m
o
r
a
n
d
u
m
E
R
L
G
L
E
R
L
-
2
4
O
c
t
o
b
e
r
1
9
7
8
.
Re
po
rt
by
Fe
de
ra
l-
Pr
ov
in
ci
al
Co
mm
it
te
e
on
Fl
ow
Re
gu
la
ti
on
,
Mo
nt
re
al
Re
gi
on
,
by
En
vi
ro
nm
en
t
Ca
na
da
an
d
Qu
eb
ec
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s,
Oc
to
be
r,
1976.
In
te
rn
at
io
na
l
La
ke
Er
ie
Re
gu
la
ti
on
St
ud
y
-
La
ch
in
e
Ra
pi
ds
,
St
.
La
wr
en
ce
Ri
ve
r,
a
re
po
rt
pr
ep
ar
ed
by
En
gi
ne
er
in
g
Di
vi
si
on
,
En
vi
ro
nm
en
t
Ca
na
da
,
January, 1979.
Hy
dr
og
ra
ph
ic
an
d
Oe
ot
ec
hn
ic
al
In
fo
rm
at
io
n
on
th
e
St
.
La
wr
en
ce
Ri
ve
r,
St
.
La
wr
en
ce
Se
aw
ay
Au
th
or
it
y,
Co
rn
wa
ll
,
On
ta
ri
o,
19
78
.
Hy
dr
og
ra
ph
ic
an
d
Ge
ot
ec
hn
ic
al
In
fo
rm
at
io
n
on
th
e
St
.
La
wr
en
ce
Ri
ve
r,
On
ta
ri
o
Hy
dr
o,
To
ro
nt
o,
On
ta
ri
o,
19
78
.
HE
C-
2
Wa
te
r
Su
rf
ac
e
Pr
of
il
es
,
Us
er
s
Ma
nu
al
,
Hy
dr
ol
og
ic
En
gi
ne
er
in
g
Ce
nt
er
,
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s,
Oc
to
be
r,
19
73
.
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 ANNEX E
I
N
T
E
R
N
A
T
I
O
N
A
L
L
A
K
E
E
R
I
E
R
E
G
U
L
A
T
I
O
N
S
T
U
D
Y
R
A
T
I
O
N
A
L
E
F
O
R
T
H
E
S
E
L
E
C
T
I
O
N
O
F
N
3
A
S
T
H
E
M
O
S
T
F
A
V
O
R
A
B
L
E
N
I
A
G
A
R
A
R
I
V
E
R
A
L
T
E
R
N
A
T
I
V
E
F
O
R
I
N
C
R
E
A
S
I
N
G
T
H
E
O
U
T
F
L
O
N
F
R
O
M
L
A
K
E
E
R
I
E
T
o
i
n
c
r
e
a
s
e
t
h
e
d
i
s
c
h
a
r
g
e
f
r
o
m
L
a
k
e
E
r
i
e
,
s
e
v
e
n
a
l
t
e
r
n
a
t
i
v
e
s
w
e
r
e
i
n
v
e
s
t
i
g
a
t
e
d
:
m
o
d
i
f
i
c
a
t
i
o
n
o
f
t
h
e
B
l
a
c
k
R
o
c
k
L
o
c
k
(
L
1
)
,
t
h
r
e
e
s
t
r
u
c
t
u
r
e
s
in
a
n
d
a
r
o
u
n
d
S
q
u
a
w
I
s
l
a
n
d
(51,
52,
a
n
d
S
3
)
,
a
n
d
t
h
r
e
e
s
t
r
u
c
t
u
r
e
s
p
a
r
t
i
a
l
l
y
o
b
s
t
r
u
c
t
i
n
g
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
(N1,
N2,
a
n
d
N
3
)
.
T
h
e
f
o
l
l
o
w
i
n
g
a
d
d
r
e
s
s
e
s
t
h
e
last
t
h
r
e
e
a
l
t
e
r
n
a
t
i
v
e
s
m
e
n
t
i
o
n
e
d
a
b
o
v
e
(N
s
c
h
e
m
e
s
)
and
o
u
t
-
l
i
n
e
s
t
h
e
j
u
s
t
i
-
f
i
c
a
t
i
o
n
f
o
r
s
e
l
e
c
t
i
n
g
N3
a
l
t
e
r
n
a
t
i
v
e
for
c
o
n
c
e
n
t
r
a
t
i
o
n
of
f
u
r
t
h
e
r
e
f
f
o
r
t
.
T
h
e
m
a
x
i
m
u
m
p
r
o
p
o
s
e
d
d
i
v
e
r
s
i
o
n
f
l
o
w
o
f
3
0
,
0
0
0
c
f
s
w
o
u
l
d
h
a
v
e
t
h
e
g
r
e
a
t
e
s
t
i
m
p
a
c
t
on
the
h
y
d
r
a
u
l
i
c
p
a
r
a
m
e
t
e
r
s
w
h
e
n
the
l
o
we
s
t
r
i
ve
r
f
l
o
w
(
2
0
0
,
0
0
0
cfs)
is
c
o
n
s
i
d
e
r
e
d
.
T
h
e
w
a
t
e
r
s
u
r
f
a
c
e
and
e
n
e
r
g
y
p
r
o
f
i
l
e
s
for
a
2
0
0
,
0
0
0
cfs
f
l
o
w
we
r
e
g
e
n
e
r
a
t
e
d
and
we
r
e
c
o
n
s
i
d
e
r
e
d
as
the
base
for
existing
conditions.
To
p
a
s
s
2
3
0
,
0
0
0
cfs
w
i
t
h
t
h
e
s
a
m
e
L
a
k
e
E
r
i
e
e
l
e
v
a
t
i
o
n
as
t
h
a
t
a
s
s
o
c
i
a
t
e
d
wi
t
h
t
h
e
base
case,
the
river
cross-sectional
area
would
have
to
be
increased
by
d
r
e
d
g
i
n
g
.
O
b
s
e
r
vi
n
g
the
e
n
e
r
g
y
profile
of
the
base
flow,
the
greatest
energy
loss
o
c
c
ur
s
in
the
area
around
the
Peace
Bridge.
Although
improving
the
channel
bottom
by
dredging
in
any
reach
will
decrease
the
energy
loss
and
thereby
increase
the
flow;
it
was
determined
that
dredging
in
the
vicinity
of
the
Peace
Bridge
was
the
most
efficient
location,
regardless
of
which
struc-
ture
l
o
c
a
t
i
o
n
is
chosen.
Having
increased
the
capacity
of
the
river,
the
next
investigation
involved
the
location
of
the
partial
obstruction.
Comparing
the
impact
of
the
three
alternative
structures
on
existing
river
levels
the
following
was
noted:
a.
N1
had
the
least
effect
on
upstream
levels
and
the
greatest
effect
on
d
o
w
n
s
t
r
e
a
m
levels
of
all
schemes.
b.
N2
had
the
greatest
effect
on
upstream
levels
and
the
least
effect
on
downstream
levels
of
all
schemes.
c.
N3
appeared
to
have
the
least
net
effect
on
existing
river
levels
of
t
h
e
t
h
r
e
e
a
l
t
e
r
n
a
t
i
v
e
s
.
The
cost
of
the
alternative
sites
was
also
considered.
Cursory
cost
com-
parisons
indicate
that
the
structures
for
schemes
N1
and
N2
would
be
substan-
tially
greater
than
the
cost
of
N3;
N1,
because
of
the
required
length
of
the
structure;
and
N2,
because
of
the
greater
river
depth
at
that
location.
One
further
factor
influenced
the
decision.
Location
of
the
structure
at
any
of
the
three
sites
would
certainly
increase
the
potential
for
ice
problems
during
the
winter
and
spring.
However,
it
has
been
observed
during
past
ice
runs
that
large
ice
floes
are
often
broken
up
in
the
vicinity
of
the
Peace
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 Bridge by high velocity flow and contact with the bridge piers. For this
reason, schemes N2 and N3 would probably create fewer ice problems than N1.
Considering the hydraulic and economic aspects, as well as the potential for
ice problems, N3 was selected as the most favorable “main channel" site for
further study.
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15 V37 YDNANAVOA C400VEL 43130210
15 was raENcHwAvs :REE( 43130223
15 V39 V01 JSED 43130233
15 v31) var USED 43130240
43130250
READ 1001 - 1 CAR) 1 CHANGE 43130260
F09“AT 15 V31 SLAC< CREE< 64551 SECTION 245 43130270
15 002 3EAVER ISLAVO GAGE SECTIDV 265 43130253
13 VH3 LASALLE GAGE SECYIOV 306 43130293
15 V04 HUMTLFV GAGE' SECYIJV 354 43130303
15 VVS BLACK ROCK 343E SECTYON 525 43130313
15 006 PEACE SRIDGE 3ASE SECTION 6700 43130323
43130333
READ 1060 - 3111 $1133 - so Maxxwuw - 1 SLAVK CARD AT :03
FORMAT 6114 1514 SECTIDV VUWSEQ 43130350
4116 LWDA AREA 43130360
5115 LWDE ELEVATIOV 43130370
6114 1K N10T4 43130363
5115 IL- LEVGYH 43130390
8112 3“ CHANVEL VU“3E? 43130400
03130503
READ 1066 - 1 CAR) 3V5 COEFFICIEVT FJR EACH CidNMEL» 43130500
FOR“AT SFS.2 AFF (XVEYICE ENERGY :05F1c15vr
IS 1303 SﬁLANCE 4N3 IVCQE‘EVT 3Y=ASS 0 N0,
READ 1065 - 1 CAR) 43139513
Fnauarxuts.a
AV
QOUGHNESS CJE=FICIEVY
43130523
43130563
READ 1063 - 1 CAR) - 'LON L335 - sous» ISLAVO
IORMAT 15 VDLI §ECTIOH VUWSE? 3F FLOR L088
110 13L: Fan L333
1F "3 FLDN LOSS SET VGLIAND 13L 1) 2533
43130413
READ 7400 - 1 CAR) IOTAL FLJW Au) :DVIIMUAYIOV CARD
.FORMAY F10.0 3 TDYAL FLjN
FORVAY 110 W v!» 0414 p VEN ’ARAﬁEYER CARD , EVO JF RU“
row «E» 0111 03 to 1 ;51 w = 1
F39 VEN PAQANETER :12) 03 TO 165 L51 0 z 2
F0? END 1? aJv 03 10 501 gar w = 3
43130623
43130633
DIWENSIOV 1311150.5).-w34(33a3).LN36153oS).1~(SO.S):1L(50.3)
ovans1nu 40114).AAHI14).AK1141.0131.THSfRO.§1.L(§0.§1oAFFfi1
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0
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1
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u
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S
p
N
V
b
8
3
1
0
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2
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0
2
2
0
2
5
9
2
5
1
2
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L
R
E
A
D
W
E
S
T
V
A
V
Y
I
S
L
A
V
D
C
H
A
N
N
E
L
D
A
T
A
PRINT 1005
PRIVF 1020
Lszol
GO TO 09
READ CHIPDANA CHAVVELngATA
PRINY 10??
LL: N03
GO TO “9
READ
TONANAVDA
CHAVVE;IDATA
PRINT 1005
PRINT 1020
LL3NU7
GD 10 09
READ
EAST
T3VAOANDA
ISLAND
CHANNEL
DATA
PRINT 1026
LL3N06
GO TO 09
READ
FREVC4WAVS
CQEEA
TJ
BUFFALO
DAYA
PRINY 1005
PQINY 1023
LLBNOR
R
E
A
D
D
A
T
A
C
0
3
3
3
K31
READ
1050.1816((1L0aLW0A1K'L1pLdoEtKoL)r1ﬁ1<vL0:IL(K0L)rVN
DAYA CARD TESYS
IF(IN(K.L).E3.0)03
13
120
NSVM
1F(N.EQ.L)33 T) 110
PRINT 1OSSILIV
CALL 6!!!
K I K o 1
GO ID so
03130723
03130730
03130703
03130753
03130760
A3130770
43130750
03130793
03130509
03130320
43130539
63130503
03130550
43130560
43130550
43130830
53130003
63130910
03130929
43130040
4313095)
“3130963
03130970
03130950
03130993
03131010
03131020
03131030
03131003
43131050
03131070
“3131080
03131090
63131107
03131110
03131123
a3131153
43131160
03131170
03131203
03131210
03131220
03131303
43131313
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n
n
n
n
n
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n
n
120
160
155
18
PQINY
BASIC )Ara YA‘LE
PQIVY Inﬂq
DJ 160 1 = 1:-L
RL~DE=LNDE(I,;0
PRINT 1060.ISTA(1,L0.-WD¢(1.L),3L~)EuI”(IIL)IIL(IIL)IV
L=L+1
IF(L.LT.6)SJ 13 15
READ
READ
agan
READ
READ
p
1
1
1
7
ARAWETE? CA?)3
066,(A“(I).1=1.5):ISN3
OAS, (ZAH(I)'I=1;1U)
063' VleIQL
000. 3(%)a*
DJ 18 1VZ=111q
AV(IYZ)=75V(IVZ)
CJVIINJE
KA = 1
K9 I l
JX = 1
JV = 1
K2 8 2
0(1):.36'1(%)
0(5):.b~3(8)
0(3)=U(l)
SLAYFn's 931ur ELEV :juDuTAIIjN (A3 A EUVCHJV
0F [HE TDYAL )lsc4a235. 0(8))
213:551,
01:0(R)/1000.
3L°r:§h_b79$son.00377-3790.%9%12*240
Inst!,1)21N3(1.2)=l~8(1.3)=3L=I~103.
GFLHN=lw9(1.1)/100.
PRIVY
PRINT
PRIVT
PRIVT
PRIVY
PRINY
PRINT
PQIHY
PRINT
PQINY
quwr
PRINT
PRINT
PQIMT
PQINY
PRINY
pntmr
PRINT
PQIWY
PRINY
palm!
PRINT
PRIUI
PRer
PRINT
PR1"!
PQIHY
quwr
pAQAwEYE? C1?) {ABLE
1061
1102
910
lzoolvlt
1201:“32
1202.v35
1205,V3“
1200.v13
1205. was
1205. war
1207, V3!
900
911
1208.VV1.ISIA(VV1,2)
1
2
0
9
.
v
v
a
.
I
S
I
A
(
u
v
2
,
a
)
120%.VV5oISIA(vn3,5)
120%.Vvu.xsratvvu,s)
120%.VVS'ISIA(VVS.S)
l
z
o
q
v
u
v
5
l
1
5
1
ﬁ
(
Q
V
5
,
5
)
900
912
1209.V1L
1210.12u
900
121%.](4)
1214.3(5)
l?15.3(1)
8—122
 
u3131323
“3131333
43131303
03131390
a3131003
43131610
43131550
03131559
“3131573
“3131583
03131590
53131510
63131533
  
 10
11
a
n
d
162
163
16“
n
o
n
n
n
n
n
167
169
170
173
180
190
 
PQIMI
PRINT
PQtvr
PQINI
PRIHr
07 10 1731;1G
PR1”? 1211;1T,Av([1)
CJVYINUE
PRINY 900
PRINT 91a
03 11 LI=1.S
PRIVY 1P1’oLfanFCLW1
CDVYINUE
P21“? 915.“
PntNr qol
1216:3(5)
900
1217:
900
913
iELON
FDR
ROUGHVESS
COEFFICIEVY
03 162 I = 1.l0
AAV(I) = AV(I)
no 160 I a 1,1u
A<(I) : Avtl) I Av(1)
N
E
S
T
N
A
V
Y
I
S
L
‘
V
O
S
i
ﬂ
V
V
E
L
P3N=6./3.
06:0(11
F
O
R
P
R
I
N
Y
TUY
3F
3
1
2
(
N
A
T
E
R
C
O
W
P
J
T
A
T
I
J
V
S
S
E
V
S
E
S
N
I
Y
C
1
3
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IF
SENSE
5N1134
3
JV
SAL‘VCE
1ND
IVC?EWEVT
NILL
NOT
OCCU?
I
F
t
t
S
W
3
-
1
.
V
E
.
0
)
G
J
In
167
K23!
IF(KZ.EQ.Z)GJ 13 159
PRINT 1067
PRINT 1020
PRINI 1065
L z 0
LA = o
I I l
L I L O 1
LI : LA o 1
l(I'L)
=
LNDI(I.L)9((IN3(1.LJ-LNDE(I.L1)I109.J~IN(I'L)
VDV=Q(LA)/ﬂ(1pLJ
a
v
a
n
=
v
o
~
~
v
3
v
~
A
F
F
(
L
)
~
.
0
1
5
$
a
7
3
IF(KZ.EO.2)GJ r0 150
V
H
E
A
D
=
v
0
v
~
V
D
V
I
(
2
.
~
5
2
.
2
1
RINS=INS(I.L0
t
u
z
n
n
=
R
I
A
S
I
1
o
o
.
+
v
«
£
A
o
PRINT
1310.ISra<I,Ln.zrxs,n(LA).A¢!.Lo.1~(I.L).VDNuv46ADoYHEﬁD
J x I 91
145(JuL) =
KJ=IJ=IJJ=1
IELEV 8 INS(1.L0
A(J.L)
=
LN)A(J,L)
b
((I~S(J.L0
-
LWJEtJ.L))/100.)
t
Id(J.L)
VU9=Q(LA)/6(1pL)
H
V
J
P
:
V
U
9
~
V
J
°
~
A
=
F
(
L
)
~
.
0
1
5
5
4
7
3
HVIHVDV-HVJ’
1N5(IaL0 O 2
7‘V1‘((I“(IaL0 'IN(Jv.0) t.5) /1L(1;-O
TEST
FOR
NELLHDESISVE)
TRANSITIJV
75"“
3
(1
Q
(XvL)
lt~(l:L))
-(
ozvr : .2?159 - 413(ravr1
oeva - .2215: - 153(rav4)
1‘10EV4.LE.0.133 Y) 137
A
(15L)
lIN(J:L)))/IL(I;;0
03l31550
43131573
d31316¢3
43131703
03131713
53131763
43131773
d3131753
43131510
“3131323
03131339
43131900
43131890
53131303
031320?0
53132100
43132110
i
i
I
  
 n
n
n
n
m
a
n
107
19a
200
210
220
230
23m
215
260
262
263
265
270
290
330
300
360
 
[F(DEVI.LE.U.)SJ I) 197
CC=.l
CE=.?
G? In 198
CC=.28
CE=.S
IF(”V)POO.220.210
HY=-CE~HV
CHEF : CE
GO YO 230
Hr : ccawv
COEF = CC
03 In 230
H! = 0.
CHEF 2 o.
AAVE=.S*(A(I,LO0A(I,LO)
wAVE = .S-(IM(I.L) o 14(J.L))
RznnVE/JAVE
HF
Q:
QC
.Q
C.
IL
(r
,L
).
A<
(;
o1
(2
,z
os
an
nA
vg
na
av
zn
ﬁt
na
ju
)
HtjraL:nVo4r++F?
I“ = HTDY‘L'I 100
XF
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MI
OY
AL
~1
00
0-
I+
'1
0-
S)
.G
E.
0.
)G
O
Y0
23
0
HYJTAL=IH
GO Yd 235
HIDYAL : [4 v 1
CWVTINUE
INS(J;L) = IN%(1.LJ 0 HYUYAL
[X = 1~3(J.L)
IF(I¥-IELEV)?50.270,253
IF(KJ.GE.2)3) f3 25?
KJ=IJ=2
GO to 190
IF(XJ-2)270.190,l90
lFtKJ.GE.2)GJ Id 265
KJRIJJ=2
GO TO 190
IF(IJJ.GE.2)33 ID 190
IF(K1.E0.?)2J r3 290
IﬂAVE:NAvE
VHEAn=vuPva=/(8.~52.2)
RINS=IN3(11L)
THEAnznxus/lon.ov4il)
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Y
10
80
.1
:p
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v5
pI
~A
VE
.R
.I
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TA
L.
CDE
F
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Y
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Lﬂ
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IN
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D(
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;0
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L)
:V
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%E
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D
[:J
VOW:VUP
HVDV : HVU’
GO
TO
(3
30
.3
70
,0
23
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sa
,5
21
.5
71
:5
60
.7
50
):
LA
EASY NAVY ISLWVD SikvﬂEL
SE
tT
IU
N
CU
Jv
tE
?
,
NE
ST
VA
VY
IS
LA
ND
XF(I.LT.vﬁ1):) :0 x90
IF(K(.EQ.2)S) I? saw
PRINY ln90;L:A‘F(L)
L I 1
I I I
at 2 0(2) = 1(5) - 3(1)
IF(K[.EQ.P)GJ Y1.55)
PRIWI 1021
PRINI 1069
GD 10 l70
SE
CT
IH
V
CT
JV
YE
?
.
5A
3!
VA
VV
IS
LA
ND
B— 124
03132203
03152243
33‘52259
431323!)
03132323
ASISZHGJ
“313252)
03132563
45132551
43132567
43132573
43132653
03132773
“3132753
03132793
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PRIHY 1103
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GD IO “10
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GO TO 169
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PRIVI 1067
PRINT nosn
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63 T0 170
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ﬂN(2) a AV(Q)
A
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G? TO 180
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I
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u
u
n
,
a
2
5
.
u
s
o
AV(2) = AV(5)
A<(2) ! AK(5)
03 ID 180
P‘GE CHAVGE
IF(J.ME.“ql)33 TO 403
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W
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3
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0
5
0
I
F
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1
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5
991“? 1067
PQINI 1030
PRINT 1068
63 ID 173
SECYIUV
cmvrze
,
$419954:
CHINVEL
B- 125
43X32533
451325d3
03132553
03132949
03132?SJ
43133000
“3133000
03133053
63133063
03133073
43133103
43133119
43133190
03133203
a3133200
43133253
43133290
43133300
03133351
03133360
03133373
“3133359
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IquAaavnn cqaquL as;au TQMQAAN3A IS;AVD
IF(KI.ES.>)33 T1 351
PQIVY 1090, L» AF=(;a
PQINV 1067
931“! 1025
PQXNI 106q
1:1
AV(3) x AV(S)
AKI3) = A((5)
QC = 0(a) = 3(7) 2 3(3) - 0(3)
GO ID 170
N CHANGE: LQSALLE SEES
XF (J - Vvl) M1n,152,253
Au(3) = AV(7)
AK(3) = A((7)
53 Y3 1R0
PAGE CHANGE
IF (J.VE.1M133 T3 Q70
IF1V9“.LE.1G)31 T) 173
IF(KZ.EU.7)33 T3 175
PQIMY 1067
PRINT 1°69
PRIWI 102}
60 T3 173
SEC
TID
V
CJJ
VTE
?
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vo
n
C4A
VNE
L13
€;O
N
TJV
Aua
voA
ISL
AVD
IF(I.LT.V1u)SJ to 130
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S!
TO
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a
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AN
NE
L
1F(KI.EU.?)33 13 323
PRINT 1090, L» AF=(;0
PRIVT 1067
PRINT 102b
PRINT 1069
1 : won 4 1
L:?
IHS(I.3) I IN8(V00'3)
AN(3) = Avtq)
AK(3) = AK(9)
CC = 0(5)
83 10 170
SE
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N
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JV
YE
?
.
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!
ID
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VD
A
IS
LA
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IF(I.LT.N35)53 Y3 130
EASY t3NA~av)a ISLAv) CHANNEL
IF(‘Z.E0.2)33 I? 577
PRIVI 1090, Lu AF‘(L0
Isl
Idﬁ(1.u) = 14%(H14.1)
AN(u) = AM(9)
AK(J) a A<(1)
0c : 0(6) = 3(a) - 3(5)
IF(Kz.FO.?)21 rw 17o
8—126
a3133303
43133013
03133020
43133059
43133073
“3133523
ﬂ3133533
03133573
43133580
43133533
63133603
03133553
03133563
43133593
53133590
03133703
03133733
#3133740
03133750
03133520
03133530
«3133353
“3133860
43133379
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n
n
n
n
n
n
n
n
n
n
n
n
n
n
571
60"
609
610
612
61“
650
650
660
610
680
FRI“?
PQI‘JY
83 TU 170
1027
106R
SECTIDV C3JV152 . EQSY'TDVANAVDA ISLAV)
1F(I.LY.V1b)33 13 130
IF(K2.EQ.?)33 IU 500
PRINT 1090, Lu AF=(L0
B
A
L
A
V
C
E
T
Q
V
A
K
A
V
D
A
I
S
L
W
V
D
XF(K7,EO.1)33 Id 653
PRINI 6001. I~Stv33.5)u
IFIKA.E0.5)GJ 13 51)
CALL
RALAVCE(~S;N6:33.IMS(NJS.3).INS(“36.Q).3(5)'Q(S).KA)
IF(0(5).LE.0.)33 13 539
IF(0(6).LE.0.)GJ [3 50;
IF (KA - d) 510.612.512
KA = 1
PRINT 1103
G) 70 610
CALL
[VCQEW(1)2.ImS(VJS,3J'INS(VUbyﬂ):3(S).<A,JX)
17(KA.LT.")33 10 $10
KA=1
IHS(N36.“),
1(5),
3(6):
K4:
JX
0(6) 3 0(“)
53 T0 170
- 3(5)
TOVANAVDA CiﬁﬂvEL ASJVE TONAWANDA ISLﬂVO
IF(KZ.EU.2);J 73 554
PRINT 1067
PRINT 1025
I = NOS v 1
INS(1,3)=INS(VJSIS)
AV(3)=AN(10)
AK(3)=AK(10)
L=2
0C:n(7)
HWZ=NOS+1U
GD TO 170
PAGE CHANGE
IF(J.”E.‘“2)3J TO 570
IF(KZ.EQ.2)3) TO 175
PRINT 1057
PRINT 1025
PRIVY 106%
GB YO 173
N CHANGE , 4‘JV'LEY
IF(J.”E.NVQ)G) 73 650
AN(3)=AM(11)
‘K(3)=A<(11)
61 70 1‘0
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